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PUKP06I 

Tha  purpot*  of  thl*  pro.)*ct  waa  to  daveiop  uaati.it  ci.-ou'  and 
sound  teCmuquas  of  opera*  icr.  for  VHF  cryatal  oacillatora  and  to  develop 
a  aathod  for  tha  design  of  cryatal  oaeillalor  clrcuita  to  ba  uaad  In  the 
frequency  rang*  of  0.8  to  ISO  me.  TV. la  design  aathod  la  applicable  for  ua* 
by  designers  of  alartronlc  equipment  which  requires  tha  uaa  of  crystal 
oeci  llatora  for  frequency  contro1. 

Tha  pro  grate  was  carried  out  in  several  phSBaaj  a  study  of  the 
applicable  literature,  aslactlcn  of  clrcuita  showing  the  scat  desirable  per- 
foratanc*  character iatlca,  arpariaontal  verification  of  circuit  performance, 
selection  of  circuits  for  detailed  design  v. utiles,  determination  of 
operat)on  for  1  wide  rariatlon  in  component  values,  end  develogMat  of  a 
dealgn  msthod  for  VHP  crystal  oscillators. 

Circuit  dealgn  data  was  alao  obtained  fo-  oscillators  in  the  10 
40  79  me  range  and  combined  with  that  available  for  ant  Ira  sonant  circuit* 
in  tha  rang*  0.8  to  20  ac.  This  sat  than  coordinated  to  yield  a  aathod  of 
design  for  cryatal  oscillators  over  tha  coagiirt*  0.8  to  150  me  frequency 
rang*.  feasibility  of  circuit  operation  at  f.eq  ••nclea  up  to  200  ac  was 
•  ±eo  investigated. 


a  snarc  or  cmtstal  osciuatob  circuits 


51®tal  Corps  Cortmct  Mo.  HA-36-039-ac-6U6Q9 


ABSTRACT 

A  coexists  design  *ethod  for  crystal  oscillators  operating  over 
the  0.8  to  150  ac  frequency  range  la  presented,  Investigation  of  a  variety 
of  aeries  resonant  oscillator  circuits  is  described  in  detail,  covering 
various  aspect*  of  performance  eharaetariatiu*.  The  critarla  used  to 
aalact  the  Orotnded  Grid  and  Cathoda  Couplaa  circuits  for  detailed  lnveat- 
igation  are  given.  In  addition,  tha  reasons  for  »a lotting  the  Capacitance 
Transformer  Coupled  oscillator,  a  circuit  usveloped  during  the  contract 
period  for  use  with  sutaslniaturw  tubes,  are  diseased.  Loop  gain  eauatlons 
are  developed  for  several  circuits  and  relativ#  merits  of  the  circuits  sro 
analyaed  by  uss  of  the  aquations,  supported  by  ezperleental  results. 

The  development  of  the  desipi  method  is  reviewed ,  choiring  the 
rest'  ting  es  tab  11  o  heent  o  f  re  cere  nc  8  circus  to  for  oh  ch  oo  c  i  l  la  uor  type, 
capable  of  operating  over  the  frequency  range  a. id  plate  supply  voltages, 
and  having  deeirsbls  psrfaraancs  characteristics.  By  varying  circuit  com¬ 
ponent  and  parameter  values,  mm&iuremsrta  of  the  resulting  performance 
changes  were  obtained  and  plotted.  3y  nonaaliiing  these  graphs  with  respect 
to  the  reference  circuit  component  values,  a  aet  of  curves  were  obtained 

jri  rm  me  sari  t  n  t*-**i! !  i-t.  tevW  urirfc 7~^77*j c C  ST,  ?*  *  Hdt 

range  of  operating  conditions 

Finally,  a  complete  deal  gp  method,  m  the  fora  of  graphs  and 
tables,  is  presented  for  the  two  series  resonant  oscillators  operating  in 
tha  10  to  150  ac  frequency  range.  Drslyi  infonsaticn  is  also  given  ror  the 
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Grounded  Grid  and  Capacitance  Transformer  Coupled  oeci  11a tore,  which 
operate  with  sul.viniature  directly  heated  cathode  tubes ;  over  the  frequency 
range  of  75  to  150  ac.  three  antiresonant  cireuioe,  the  pulpitis  (Grounded 
Plate  Pierce),  th#  Electron  Coupled  Colpitts,  and  the  Miller  oecillatore, 
here  been  in  rest  1  gated.  Together  with  information  already  available  from 
a  previous  contract  with  Wright  Air  Development  Center  on  Colpitta 
oscillators,  a  design  method  for  these  circuits  is  presented  to  cover  the 
0.6  to  20. 0  me  frequency  range.  Complete  circuit  descriptione,  construction 
doteils,  tuning  procedure,  desipi  examples,  *nd  performance  information 
(which  includes  frequency  stability,  frequency- temperature  effects,  and 
harmonic  content)  are  given. 

Performance  of  tne  two  series  resonant  circuits  at  frequencies 
up  to  200  me  is  Included.  However,  design  information  is  not  established 
above  150  me. 
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TOBLICATIOHS ,  UBCTUhSS.  nEPOKTS  AND  CJKFERENCES 

The  following  Information  appliaa  from  IS  May  1955  to  lL  Ausuat  I957i 

POBUCATIOjCi  A  paper,  entitled  "The  Effect*  on  tba  Frequency  of  VHF 

Crystal  Oscillators  Rssultlng  Frew  the  Use  of  a  Compensating 
Inductance",  by  H.  E.  Oruen  and  A.  0.  Plait,  was  presented 
to  th»-  A 1956  Technical  Papers  Contest  on  3  April  1956. 
and  mis  awarded  Second  Prise. 

LMCTORKSi  Papers  presented  at  both  the  Tenth  and  Eleventh 

Frequency  Control  Sjn^-osia  by  H.  E.  Oruen,  at  Aebury  Park, 

Kew  Jersey.  The  fleet,  entitled  "Design  Data  far  Crystal 
Oscillator*-" ,  was  given  on  16  Nay  1956.  The  second,  entitled 
"Design  Criteria  for  Vacuum  Tube  Cryetel  Oscillatora,  was 
given  on  9  Nay  1957. 
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A  STUDY  OF  CRYSTAL  OSCILLATOR  CIRCUITS 


i.  ivrRorocTicm 

Tk  is  Is  the  final  report  on  ARP  Froject  No.  E-O80,  sntltlad  *A 
Study  of  Crystal  Oscillator  Circuits*.  This  prograa  was  conducted  for  the 
Frequency  Control  Branch  of  the  U.  S.  Army  Signal  Engineering  Laboratories, 
undar  Contract  Bo.  DA  16-Cj9-cc -61i609.  Tha  initial  contract  datas  wer>a  from 
18  May  19?*  to  lli  May  19*8.  TMs  was  latar  extended  to  lli  August  19c7. 

Tha  nead  for  precise  frequency  control  In  modern  military  eosueunl- 
cations  ecuipment  and  stable  sources  for  UHF  and  mlcroweve  frequency  etabill- 
tatl'in  has  led  v.o  considi  'able  Investigation  of  pleioelectrlc  quarts  crystals 
and  their  application  in  practical  oscillator  circuits.  With  the  successful 
production  of  thickness-shear  mode,  high  frequency,  series -resonant  crystal 
unit/.,  it  has  bacon#  neceseery  thet  the  designer  of  electronic  equipment 
utilise  these  units  in  practical  oscillator  circuits,  thus  eliminating 
frequency  multiplier  stages  which  require  additional  power  and  "pace.  An 
important  additional  requirement  of  these  circuits  Is  that  they  remain  stable 
for  a  wide  variety  of  onaratine  conditions. 

It  has  beer  tha  purpose  of  this  program  to  develop  usable  circuits 
and  sound  techniques  of  operetloti  of  the  VHF  crystal  oscillators,  and  to 
develop  a  method  of  design  of  crystal  oscillators  to  be  used  lr.  the  frequency 
range  of  0.8  to  180  mo.  A  straight  forward  design  approach  for  circuits  of 
this  type  should  prove  eitremely  useful  to  designers  of  electronic  equipment 
requiring  crystal  oscillator#  for  frequency  control. 


The  initial  technical  requirements  called  for  the  'eveloisnent  of 
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rnrg€.  Leter,  the  contract  was  revised  to  Include  the  development  of  design 


performance  date  for  antireeonant  oscillators,  covering  the  range  from  0.0 
to  ?o  m,  e*a  to  be  i  icorporated  into  the  overall  program  to  provide 
oacl lletor  design  date  for  the  entire  range  of  0.8  to  150  me.  Data  for  the 
antiresenant  circuits  was  taken  prlmerly  from  the  results  of  a  previous 
program,  but  w«s  rechecked  and  extended  to  cover  the  necessary  frequency 
range . 


The  design  of  practical  crystal  oscillators  lias  been  approached 
by  many  designers  on  a  cut-and  -try  basis.  Mathematical  design  procedures, 
although  possible  if  all  circuit  characteristics  are  known,  are  eo  complex 
th..  their  us«  la  not  practical.  The  analysis  is  often  simplified  by  making 
various  assumptions  to  the  point  where  little  quantitative  information  re¬ 
mains.  The  information  presented  here  correlated  the  two  approaches.  A 
simple  linear  loop  gain  analysis  yielded  qualitative  info -mat  len  whicl  was 
suppleaiented  by  performance  measurements  to  provide  qusnuative  information 
for  the  design  graphs. 

A  number  of  cryatal  oscillators  wore  Investigated  to  determine  thosa 
circuite  having  tha  moat  desirabls  performance  characteristics.  The  selectea 
circuits,  which  were  th#  Grounded  Grid  <nd  the  Cathxie  Coupled  series  re¬ 
sonant  oacillatora  and  the  Cclpltts  (Grounded  Flats  P.erce),  Electron 
Coupled  Cblpltta,  and  the  Miller  anti-resonant  circuits  were  then  enalyied 
to  determine  specific  characteristics  over  a  wide  range  of  operating  con¬ 
ditions.  a  single  circuit  Conf lgurati on  for  each  oscillator  type  wai 
chosen  to  operate  over  pres-rihed  frequency  ranger..  By  varying  circuit  com¬ 
ponents  through  a  range  of  valuee  and  measuring  the  resultant  performance, 


*  caepiete  set  of  design  '  .ta  ess  obtained. 

.  »  -  r, ..  t  t  ,  •<  t  o  u  *  o  *  i  n  (  ..  n  o 


TIC  M  m  o  t  o  G  ' 


.  ? 


I 

I 


1 


The  design  display  for  ths  eerias  resonant  circuits  resulted  from 
the  generallxaticm  of  performance  characteristics  over  the  rang*  of  fre¬ 
quencies  snd  plate  supply  voltages.  Ones  ths  performance  of  tha  circuits 
was  determined,  output  voltage ,  output  pewr,  crystal  poser ,  and  circuit 
component  variation  charactarlatlcs  aaru  normalised  ».ui  respect  to  th-i 
recommended  circuit  values. 

The  folloeiaj  secticri:  of  this  report  discuss  ths  results  of  ths 
literatura  survey  and  performanea  comparison  upon  which  ths  selection  of  ths 
most  dssirsbls  cl'  uits  is  based,  preliminary  design  information,  and  lha 
design  format  devclo.saent.  Ths  final  ssctlon  details  the  design  aethod 
and  provides  design  sxa^let  of  each  circuit  type. 

In  general,  output  voltage  predictions  are  within  20  pe r: art  of 
ths  vslvaas  indicated  for  specific  oscillator  circuit  designs.  ,>yatal 
drl  a  prediction  accuracy  la  within  30  pare  ant.  This  latter  figure  is 
L*a»d  on  measurements  of  rryi-tal  voltage  end  assumed  resistive  operstion  of 
the  crystal. 

Additional  studies  of  the  selected  series  resonant  circuits  sere 
Bade  to  determine  ths  fsssibliity  of  thsir  uss  up  to  200  me.  Performance 
eaasuramenta  revesL.d  loser  output  mid  a  mat  a  critical  tuning  procedtrs. 
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ii.  suBvn  amp  aiUCTica  or  cucuits 


Th*  program  for  amlmetioc  of  th*  beet  a  reliable  circuit*  and 
devaiopaant  of  operational  technique#  in  the  75  to  150  sc  fraquancy  rang* 

«as  initiate  with  a  aurray  of  tha  literature  to  determine  th*  circuit* 
applicable  for  uaa  at  thmw*  frmqmeneiaa.  This  Initial  eunray  raraalad  a 
toul  of  baa  It*  circuit  tjrpaa  which  ara  known  to  hay*  bran  uaad  or  iaraat- 
i gated  for  w*e  at  frequenci**  abora  SO  ae.  Tha  majority  of  thaaa  ara  aarlaa 
r  as  on  ant  type*.  Two  ara  antlrasonuit  typaa  and  ana  utiUaaa  an  ijapadasea 
inverting  natwork  to  tranaforw  tha  low  aariaa-raacnant  lapadanca  to  a 
high  lapedenc*  for  operation  In  tha  conventional  antira sonant  circulta. 
basic  achcnatics  of  thaaa  circuit*  ara  shotwi  in  rigs.  1  through  12. 

Tha  Cathoda  Co  up  lad  circuit  an  own  in  rig.  1  canal  at*  of  a  grounded 
grid  amplifier  driving  a  cathoda  follower,  The  cryatai  oparata*  at  oar  lac 
roao.iMca  between  tha  two  cathodes,  and  form*  tha  uppar  ara  of  a  vclteg* 
divider.  Tha  lower  an*  c on* i at*  of  th*  aaplifier  input  Impedance  whsr* 
tiiS  fmuuBC  1  volts**  i*  d*T*lop*d.  If  all  atray  capacities  ara  cot- 

n*«***iu4  awwd  nU*a  a  -  —  U  4  a  ♦  •wueH  ♦  A  *•*  nr  an  <**»  at  <Ka  n«MP*M  n«  f  Wl- 
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quency,  th«  crystal  will  oparata  at  »*ri*o  reacnenc*.  Than  this  circuit 
is  tuned  i or  tm a 1*1*1  voltage  output  or  peak  grlu  currant  th*  operating 
frequency  increases  with  incraaeing  %“  and  impedance  of  the  plate  tank, 

ai'itj  uaux  laoa  «i  Li:  I  ncr  ovalng  ^hatm  »ii  i  Iji  uim  utihuu*  L’iniuiui. 

Aj  a  result,  at  frequencies  in  the  range  of  interest,  operation  will 
normally  be  baiter  series  resonance  with  uncospenaeted  cathode  capacities  since 
high  iapedance  tan*  circuits  are  difficult  tc  obtain  in  the  averse*  tuned 
circuit  above  7^  a c.  The  oath orie  fojaower  can  be  designed  to  provide  aero- 
phase  shift  by  proper  balance  of  the  grid -to-c  at  bode  and  os  th  ode- to- ground 
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capacities.  This  circuit  prcvidas  moderate  power  output  at  low  crywtal 
drive  levels  and  ia  a  relatively  siaple  circuit  to  adjust  at  frequencies 
up  to  ISO  no.  The  greatsst  disadvantage  of  this  typ«  is  that  two  tubes 
are  required,  and  even  thou twin  triodes  are  available  tne  greater  newer 
requirement  is  a  distinct  disadvantage. 

The  Transformer  Couplwd  oacillator  of  Fig.  2  consists  of  a 
grounded  cathode  a»li Tier  in  a  tuned-plats  tinsd-grid  arrangement.  & 
pentode  having  low  grid-to-plate  capacity  is  required  to  prevent  oscillation 
when  the  crystal  ia  removed.  If  a  trioda  is  used  neutralization  is  re¬ 
quired.  Feedback  voltage  is  obtained  from  a  tap  on  the  plate  coll  end  Is 
fed  to  the  grid  transformer  through  the  crystal.  Either  th#  plats  or  grid 
transformer  must  provide  a  180*  phase  shift  to  assure  oscillation.  If  the 
piste  and  grid  circuits  are  properly  tuned  and  the  leakage  Inductances  of 
the  two  transformers  arw  tuned  by  f-  and  C?,  operation  wl  11  be  at  the  series 
resonant  frequency  of  the  crystal.  Previous  investigations^  of  this  circuit 
indicate  that  broadband  (12  to  20  »c.  bandwidth)  operation  r»»  be  ot*.  load 
or.  -  plug-in  basis  with  this  circuit,  however,  this  results  in  operating 
the  crystal  off  resonance.  'Operating  frequency  ie  off  resonance  by  as  wueh 
as  28  ppm  for  a  frequency  differing  by  10  percent  from  design  center.  The 
circuit  is  useful  at  frequencies  up  to  150  me;  however,  adjustment  le  re- 
letiv.ly  diffituli.  Higri  levels  of  power  output  s  rn  ■  obta inable  but  at  ttie 
erpense  of  high  crystal  drive  level. 

The  Grounded  Grid  oscillator  circuit  shown  in  Fig.  3  consists  of 
a  grounded  grid  aig>llfter,  whose  driving  signal  is  obtained  fro*  a  tap  on 
the  a  u  to  transformer  located  in  the  plate  circuit.  Operation  In.  series 
resonance  of  the  crystal  if  the  piate  and  cathode  circuits  are  properly 
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FIG.  3  —  GROUNDED  GRID  OSCILLATOR. 
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FIG  A 


GROUNDED  PLATE  OSCILLATOR 


timed  and  if  tna  leakage  inductance  ie  raaonatad  sd~  C^.  The  circuit 
ia  relatively  ample  to  adjust  In  comparison  to  the  transformer  coupled 
circuit, the  plug-in  bandwidth  ia  icenhit  narrower,  at.d  the  ratio  of  power 
output  to  crystal  drive  la  only  a  lightly  leas  than  that  obtained  vith  th- 
traneforaer  coupled  circuit. 

In  the  grounded  plate  circuit  of  rig.  U  the  tube  is  connected  ia 
a  cathode  follower  which  drlvae  th#  crystal  at  aaries  raaonanca.  Tha  grid 
driving  voltage  ia  obtained  from  a  step— up  transformer  in  the  grid  circui  i. 


with  the  exception  that  thla  circuit  la  readily  adaptable  to  alactron 
coupled  operation  It  offara  no  distinct  a  vantage  over  the  transformer 
couplad  or  grounded  grid  circuits. 

The  circuit  of  rig.  5  la  the  well  known  circuit  used  In  the  TS-663 
and  other  Crystal  I^edance  we  tars.  Tha  circuit  c  ana  lata  of  teo  Impedance 
tranaforaing  networki  to  match  the  high  level  p-ld  and  plate  l^redances  to 
the  low  value  of  the  crystal  network.  Thle  circuit  in  also  known  as  a  lina 
couplad  oac'.iintoi  ,  cm  i«o  lapehwnoe  transforming  networks  being  con¬ 
sidered  as  transmission  line  sections,  fhla  circuit  is  very  useful  for 
uetersii.ung  crystal  resistance  by  the  substitution  aethod,  but  its  low 
powr  output  and  complicated  circuit  limit  its  use  ts  s  source  oi  high 
frequency  jcwwr. 

Ths  Capacitance  Bridge  circuit  is  shown  in  fig.  6.  This  circuit 
has  been  described  in  detail  by  Bason  and  Fair'.  It  perform*  well  in  the 
7b  to  200  me  range  <*ion  properly  adjusted,  iiat  its  complicated  circuit  and 
tend,  to  free  run  unless  sd-usted  very  carefully  do  not  warrant  its  uao 
In  military  equipment. 
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The  Bridged  *T*  Oscillator  circuit  shewn  In  Fig.  7  has  also  been 
investigated  for  use  in  the  VHF  ranged  This  circuit  whan  properly  ad  justed 
operates  the  crystal  at  approximately  aeries  resonance  VI th  the  resulting 
low  iepedanca  path  through  the  crystal  this  circuit  configuration  resewbles 
that  of  tba  familiar  Colpitts. 

The  circuit  of  Fig  d  shows  the  Colpitis  or  Qrounded  Plate  Pierce, 
an  tires  orient  circuit.  This  circuit  is  in  wide  use  in  ■llltary  equipmanta  at 
lower  frequencies.  For  high  frequency  operation  the  cathode  choke  Is  chosen 
such  that  the  cathode-to-ground  impedance  is  capacitive  only  in  the  range 
of  the  desir'd  overtone.  For  lower  than  the  desired  order  of  cvorlone  this 
branch  is  inductive  and  proper  phase  relatione  do  not  exist.  Previous  in¬ 
vestigators  have  bean  reluctant  to  consider  an  .jiliresonant  circuit  for  high 
frequency  overt-wta  operation  due  mainly  to  the  low  iepedanca  level  developed 
by  typical  high  frequency  crystals  at  anllresorance.  Ibis  type  of  circuit 
does  offer  certain  advantages  such  «s  circuit  simplicity  and  ease  of  adjust¬ 
ment  and  may  be  used  successfully  with  crystal*  of  "'r*>ioely  high  quality. 

Fig.  9  showu  one  circuit  of  the  Impedance-  inverting  h*  erce  circuit. 
Circuits  of  this  type  utilise  an  lupedance  inverting  notwork  to  transform 
the  loe  series  resonant  impedance  to  ,1  higher  impedance  value  for  use  in 
the  conventional  antiiescfiant  circuits  such  as  the  Pierre  and  Hiller.  These 
circuits  are  relatively  s  mpis  to  adjust  »t  me  frequency  hat  operate-  only 
over  a  very  narrow  bandwidth.  ihe  power  outj  uv  r.  .  e;,.ntv  ,re  low  and 
the  circuit  does  not  perform  well  above  100  me. 

Th«  Lister'  -ircuit  of  Fig.  10  utilizes  the  crystal  in  an  antl- 
reacnant  arrangement  in  th«  grid  circuit.  The  grid  circuit  coil  i»  adjusted 
to  preaent  an  inductive  reactance  to  the  crystal.  The  circuit  then  operates 

9  M  .  .  fi  •  ;  u  1  I  C  M  *  O  L!  Pa  0  A  T  o  H  f  i  i  ■  M  O  >  S  *  *  T  ‘  T  <  < )  <  I  l  C  k  k  (1  l  O  &  » 
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FIG.  9 — I  kIPEOANCE  INVERTING  PIERCE  OSCILLATOR 


FIG  10  —  LISTER  CRYSTAL  OSCILLATOR. 
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as  a  tuned-grid  tuned-plate  oscillator  nth  the  crystal  ope-ating  in  the 
capacitive  reactance  region.  The  opt  —ting  frequency  is  thus  below  the 

-  .  .  •«  n _ q  ^  ...  ^  f  r  _  r-  a.  nr  rvH  >  i  n  sar^ 

series  ree cnancc  oi  uie  c rysui.  l  -c  *•*-*.-  •  ■*»'*■  '■  -  - 

tut  adjustment  is  difficult,  and  unless  done  very  carefully,  uncontrolled 
oscillations  close  to  the  desired  .>equen<.y  w. j.1  be  obtained. 

Two  series  Bode  circuits  suitable  for  use  with  high  resistance 
crystals  have  been  described  by  Heepier^.  Theae  are  the  Transitron  and 
Feedback  crystal  oscillators  whose  circuits  are  shown  in  Figs.  11  and  12. 
These  circuits  can  be  aade  to  operate  at  single  frequencies  as  high  as  150 
■c  when  carefully  desi^ied  and  adjusted,  however,  only  when  extremely  high 
resistance  crystals  are  used  do  these  two  circuits  offer  distinct  advantages 
over  the  more  straightforward  typec. 

Table  .1  simumrltee  the  Bore  important  cha-acteristics  of  these 
twelve  circuits.  From  this  table  and  the  preceding  discussion,  selection 
of  the  Boat  promising  circuits  for  further  study  was  aade.  Oi  the  basis 
of  circuit  efficiency  and  ease  of  adjustment  reported  in  the  literature 
three  circuits  were  selected  for  further  immediate  investigation  for  general- 
use.  These  were  the  Cathode  Coupled, Transformer  Coupled,  and  Grounded  Grid 
circuits.  Additional  information  was  obtained  on  their  performance  to  deter¬ 
mine  which  of  these  should  receive  the  most  extensive  development  during  the 
remainder  of  the  program,  all  have  distinct  advantages  for  certain 
applications.  The  Bridged  "T"  and  Colpltts  circuits  were  also  subjected  to 
further  experimental  lnvesti  ^ti  on  before  final  evaluation  was  Bade. 

The  Grounded  Grid  circuit  provided  satisfactory  operation  at 
72  bc  during  initial  investigation.  Bailos  of  penmr  output  to  crystal  drive 
of  20  yc  to  1  i® rs  oota iii6d a  The  circuit-  is  relatively  simple  to  desi^r 
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and  adJustMnt  is  straightforward.  Frequancy  of  operation  in  somewhat  below 
the  crystal  "*rie*  resonant  frequency  unless  all  tuning,  including  that  of 
tne  transforwer  leakage  Inductance,  is  carefully  done,  However,  operation 
«t  *eriaa  resonance  is  very  easy  to  obtain  if  the  oscillator  is  operated 
only  at  one  frequency. 

The  Cathode  Coupled  circuit  ie  the  sisplcst  to  adjust  of  any  high 
frequency  circuit.  The  ratio  of  power  output  to  crystal  dr-ire  la  lower  for 
thia  circuit  than  for  other  high  frequency  circuits,  and  the  reqelreaxnt 
of  teo  tube  sections  :  s  «  locided  disadvantage,  nowerer,  the  extreme  circuit 
simplicity  and  straightforward  operation  warrant  its  use  in  aany  applicatlsna 

hreliminary  investigations  of  the  transformer  coupied  circuit 
here  ehcrwn  it  to  be  very  difficult  to  adjust  for  proper  operation,  and  thus 
to  be  too  critical  for  moat  military  applications.  Although  previoim  in¬ 
vestigations  indicated  good  operation  elth  this  circuit  at  frequencies  of 
5C  to  60  me,  comparable  results  -rare  not  obtained  at  72  ec. 

Further  investigation  or  tne  selected  circuits  was  side  at 
specific  operating  'requenc;  ss  in  the  range  of  75  to  ISO  me.  Specific 
attention  was  given  to  comparative  data  obtained  by  a»ar,9  of  evaluation  of 
the  clrcuita  with  regard  to  five  parameters.  These  parameters  are; 

a.  Crystal  Driving  Power;  computed  from  the  voltage  measured 
across  tne  crystal  and  the  series  resonant  --ystal  resistance, 
as  weasureu  in  Crystal  Impedance  Be**r 

b.  Output  Power;  computed  from  the  measured  output  voltage  across 
a  known  load  resistance. 


c.  Power  Ratio;  -.he 

power . 


output  UOwm  tc  Zt'ya  til  driving 


*  C  <  (  » 


d,  &f8  •  tm  -  fn  ;  *xpr«i8«<l  in  part*  pmr  million  of  th«  noalnml 
crystal  frsqu zz.cjf  rhere  ffi  if  dstessl hy  u*«  of  thm 
Crystal  I»j*(Unc«  M«t«r  and  fQ  i*  th«  operating  frequency 
vht'i  the  circuit  ia  tuned  for  mxIjiub  output. 

••  Afb  ■  f0  ■  rb*  e*pr*»**d  in  parts  p«r  Billion  of  the  nominal 
crystal  frequency,  where  ffc  is  the  frequency  obtained  when 
th.  plat,  surely  voltage  has  beer  changed  oy  ten  percent,  the 
circuit  not  being  r.tuned. 

The  values  of  the  parameters  resulting  from  the  testa  made  on  the 
various  circuits  were  cospiled  end  averages  determined.  Inis  information  is 
prewemted  in  Tables  II  through  XIV  balow. 

A.  Cathode  Coupled  Peculator 

Tha  circuit  of  fig.  13  te  typical  of  the  Cathode  Coupled  circuits 
used  for  comparative  performance  tests.  Tabla  II  indicates  the  parameter 
values  for  selected  crystals  operated  at  viri ous  plate  supply  voltage  levels 
(B»),  at  ?5  «c.  Tables  III,  TV,  and  V  show  typical  operation  at  10!;,  11b 
and  iyO  me  recpectl  vely.  Soma  performance  information  was  also  obtained 
at  liO  me  but  is  not  indicated  here  because  of  its  similarity  to  the  per¬ 
formance  at  135  me. 

The  data  shown  in  Table  II,  for  operation  at  75  t.-,  resulted  f.-oe 
use  of  a  circuit  having  an  untuned  cathode  circuit  ir.  -~uu  led  grid 

stage.  The  circuit  was  c-et;  .eted  with  a  1000  oh*  l'hixie  resistor.  When 
this  Cathode  circuit  is  tuncu  as  shown  in  ¥ ig  3,  performance  is  comparable 
tu  that  obtained  at  the  higher  frequencies.  It  t,i  determined  from  this 
information  that  the  retrod-  c  .re  :it  si.cuid  be  tiei-d  t.  obtain  re.smabla 
performance  at  frequencies  at  ’i  -c  „nd  above. 

^  “  •  II  i  *  »  C  w  I  .  0  a  1  *  wOii  N  W  f  .  I  I  i.  ,.OlOG< 
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FIG  13.  CATHODE  -  COUPLED 


Cry*t»l 


B.  Groiwided  Qrld  Oscillator 


The  Grounded  Qrid  oscillator  circuit  is  shorn  in  Fig.  111.  This 
circuit  is  typical  of  those  used  for  cognitive  performance  deteraination. 

Operational  parameters  were  quite  good,  with  r*’etively  high 
power  ratios  and  .  -w  crystal  drive  levels.  At  the  higher  frequencies,  the 
circuit  becomes  soas^ia*  aore  difficult  to  adjust,  although  performance  is 
still  good. 

Table*  VT  through  C  indicate  circuit  performance  obtained  fro* 
the  preliminary  tests. 

C.  Tra  no  former- Co  up  led  Peel  lit  tor 

The  tranaformar-ooupled  oecllletcr.  Fig.  15, consists  of  a  grounded 
cathode  a^lifier  in  e  tuned-grid  taied-plate  arrengeaent.  A  pentode  hevlng 
loe  grid-to-plete  capacity  le  required  to  prevent  oscillation  when  the 
crystal  is  removed  fl-o*  the  circuit.  Neutralisation  la  required  for  triode 
operation.  Tha  feedback  voltage  is  obtained  f.-oi  a  tap  on  the  plate  tank 
'•ell  and  is  fed  through  the  crystal  to  the  grid  transformer.  Either  the 
plate  or  grid  t.  neforaur  Bust  supply  the  necessary  190*  pha»*-shift  to 
assure  oscillation.  If  the  plate  end  grid  circuit-e  *r*  properly  tuned  and 
the  leakage  Inductances  of  the  two  transformers  are  cancelled  by  tuning 
and  C^,  operation  will  b»  at  the  series  reeonant  point  of  the  crystal. 

The  edditicn  of  tuese  tuning  elements  on ke  the  t  .neforaer-couplen 
ci  i  c  ul  t  o,v:  v.  f  bhs  Si.  i  di  i  i  i u  i .  to  sd,  us  t .  Hosts  v  -  7  ,  the  c  1  r  c  ui  t  — •  — 

constructed  and  allgnoo,  it  Was  noted  that  the  crystal  drive  was  excessively 
high  and  an  a^lyeis  of  the  cir-ft  vas  auce  to  determine  11  an  l^roveaent 
of  operation  could  be  acco*f  . i  ned. 
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FIG  14.  GROUNDED- GRID  OSCILLATOR 
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Table  I  shows  ope  ration  of  th«  circuit  at  75  me. 

Reference  to  Figure  15B  shows  an  equivalent  configured  cn  of  tha 
baaic  circuit.  Tha  total  drive  voltage  1^,  le  distributed  acroaa  tha 
crystal  resistance  at  resonance,  E,,  and  Uie  transformed  eoui  valent  Input 
resistance  of  tha  tuba,  lg.  lhla  input  resistance  ia  a  function  of  the 
cathode  laad  Inductance,  transit  time  affects,  tranaconductance,  and  varies  a 
tube  constants.  It  it  well  known  that  aa  frequency  increases,  the  input 
resistance  of  a  tube  darrasses.  This  input  resistance  la  reflected  into 
the  the  crystal  circuit  by  means  of  an  autotranaforaer.  Oenerally,  the 
maximum  coupling  coefficient  for  air  core  Inductors  ia  0.50.  Therefore,  the 
reflected  resistance  la  In  tha  order  of  ten  percent  or  the  cryatal  resist¬ 
ance,  causing  axcaaslva  cryatal  driving  voltage. 

for  a  typical  coil  used  In  the  circuit  at  75  »c,  »  U.OOO  oka  input 
resistance  was  transformed  to  only  6.0  obae  in  the  crystal  circuit.  It  can 
be  ahoen,  by  aaana  of  coupled  circuit  theory,  that  the  reflected  resistance 
In  a  function  of  the  mutual  Inductance  of  the  cell.  In  turn,  this  induct¬ 
ance  la  determined  by  several  Constanta  of  tha  coil,  which  are  not  readily 
variable,  due  to  circuit  characteristics.  Hence,  the  wagnituda  of  the 
reflected  resistance  la  fairly  fixed,  for  operations  in  the  desired  fre¬ 
quency  range. 

The  alternete  t  rana  f  eras  ^coupled  circuit  of  fig.  15c  was  tried 
with  similar  results,  although  power  imtios  and  stability  were  quite  good, 
the  crystal  drive  lavels  ware  prohibitive. 

D.  Coipltts  (Grounded  Plate  Pierce)  tnti resonant  Oscillator. 

The  basic  circuit  configuration  of  the  Coipitte  oscillator  ia 
shown  in  fig.  16.  for  overtone  operation,  the  cat  .ode  "hoke  coil  is 

4  •  H  (.  R  6  i  S  t  A  6  H  i  t  >  u  H  L  A  T  1  K  i  £  'll  '  N  O  =  ^  1  **  -  T  '  o  i  T  J  C  M  N  C>  l  C-  G  * 
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FIG  16  —  COLPl  T  TS  ANTIRE SONANT  OSCILLATOR 


•elected  wo  t.hat.  t.h»  c»thode-to-ground  impedance  1»  capacitive  only  in  the 
range  of  the  desired  overtone.  Tor  overtones  of  a  lower  order,  this  im¬ 
pedance  breach  is  inductive  end  ths  proper  phasa  relations  no  lorgsr  exist. 
Furthermore,  to  sustain  osciilstions  under  resistive  ryotal  conditions,  it 
is  knoen  that  the  Figure  of  Merit,  M,  of  the  crystal  eust  be  at  least  2.0 
end  preferably  greeter. 

Since  oeci  llaticrta  could  not  be  obtained  at  frequencies  higher 
than  60  me,  it  was  decided  to  detemice  what  tfca  Figure  of  Merit  *as  for 
operation  et  this  frequency.  The  following  parameters  were  calculated  1 

f  *  60  ai  (noatinal) 
n 

fg  -  59992020  epa  (earies  resonant  frequency) 

f  *  599955>5C  epa  (parmllel  resonant  frequency  uaing  a  10  marfd  load 

*  capacitor) 

4f  -  3930  cps  ff„  -  f() 

CQ  -  7.0  aeefd  (crymtal  static  capacity) 

Cj_  *  10.0  ufd  (load  capacity) 

*t  •  30  ohms  (effective  realstarce  of  the  crystal  et  antiresonance) 

0,  -  0.00223  aafd  (crystal  teriea  arm  capacity) 

Li  *  3. 1  ah  (crvatal  series  arm  inductance) 

Free  this  information  it  can  be  calculated  that, 

^  -  39,000  (serlea  arm  Q) 

PI  -  23hO  ohaa  (l/(2*r  CL)  2R.) 
and  M*  5.1  (^/r,  where  r  *  (C0  ♦  C^)/C.) 

To  obtain  larger  values  of  M  would  require  lowering  the  value  of 
CL  or  lowering  the  resistance  of  the  crystal.  'The  vaiu*  of  could  be 
lowered  ty  tuning  it  out  with  a  suitable  inductance,  however,  this  trans¬ 
forms  the  circuit  into  s  Mster  configuration,  with  its  attendant 

6  «*  ..If  >  (  i  A  *  C  w  £  O  U  N  D  *  '  .  I  '•  <  i  i  •  NO<  i  N  i  T  1  T  1  T  i  Of-  'ICHNOiOOf 
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dieadvantage*.  Sine*  the  resistance  of  this  crystal  is  alraady  far  bwlow  the 
■ulna  rating  apwcifled  by  1GI/-C-309&X,  typical  crystal*  would  not  operate 
even  at  this  fraqusney. 

S.  Brldgsu  *T*  Oscillator 

Tha  bridged  *T»  oscillator,  whan  proparly  adjusted,  operwtaa  the 
crystal  at  apprcncleatsly  sarias  resonance.  With  tha  resulting  low  lapadanca 
patii  through  tha  crystal,  this  circuit  raaaahlaa  that  of  tha  faaillar 
Colpitts.  fig  17  lndicatas  th*  circuit  configuration  used  for  tasting  tha 
brldgad  sTa  at  75  and  105  wc.  ihs  literature  describe*  up  .tier,  of  th* 
oscillator,  with  good  rasulta,  in  thw  VHf  frwquancy  range.  Tnis  was  con¬ 
firmed  with  good  operation  at  75  end  105  sic.  Stability  of  this  circuit  for 
changes  in  plate  supply  werw  found  to  be  vury  good  at  75  ac,  but  at  105  ec, 
the  stability  la  costparabie  to  that  of  other  circuits  tested.  However, 
adjuateent  of  the  circuit  at  both  frequenc.es  was  axtreaely  difficult.  It 
was  difficult  to  adjust  the  grid  drive  capacitor  and  reaein  within  the 
prepwr  opwratlng  range  of  the  reacnan t  aleaanta ,  consisting  of  th*  plata 
tuning  capacitor  and  the  series  “T“  inductance,  since  this  point  was  quite 
critical. 

Tables  XI  and  XII  below  indicate  operation  at  the  teating  fre¬ 
quencies. 

Several  aetnoas  cf  impruvin;  irwquwnty  <.  git*  1*11  or,  ucrc  trisd.  Or,: 
■ethod,  noted  In  the  literature,  s  ucpiy  consisted  of  a  tined  coil  in  parallel 
with  tha  crystal  unit  »y  tuning  this  coil  to  a  frequency  wuch  high*  than 
tha  serlea  reionant  point  of  the  crystal,  frequency  correlation  was  improved 
greatly.  however,  this  brute  force  eethod  of  operation  was  rejected  since, 
unfortunately,  no  oorrelftion  between  th*  required  indurt-anr*  and  th* 
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operating  frequency  could  be  foimd.  Other  aethods  used  to  improve  41,  had 
undeelrsble  effect*  c.n  the  crystal  drive  level,  since  these  eethods  relied 
on  specific  change*  in  the  value  of  the  grid  drive  capacitance. 

F.  Comparative  Circuit  Ferformtnce 

Table  ini  lints  lowpermtlvs  performance  obtained  froe  the  four 
se-les  resonant  circuit*  *t  75  end  105  me.  The  velueo  lleted  ere  average* 
taken  over  ell  crysta  Is  and  supply  voltage*  used  and  represent  typical 
obtainable  performance.  Tha  four  circuits  tasted  end  evaluated  at  75  »c 
Include  the  Cathode  Coupled,  Transformer  Coupled,  Grounded  Grid  and  Bridged 
•T*  oscillators.  the  Transformer  Coupled  eaa  not  teaCea  at  105  ao,  tinea 
analysis  of  tha  clrcul  indicated  that  crystal  drive  would  be  prohibitively 
high. 

lha  difficulty  encountered  In  timing  the  Bridged  "T"  tend*  to 
■eke  It  lea*  acceptable  than  the  Cnthods  Coaled  and  Grounded  Grid  circuits. 
Although  itabillty  of  the  Bridged  "T"  w»»  found  to  be  quite  good  at  75  »c , 
both  tha  Cathode  Coupled  »nd  (Grounded  Grid  circuits  yield  eosqpsrabi*  subtl- 
ltii  it  higher  frequencies.  The  Qrounded  Grid  circuit  also  pjovlden  greater 
output  power.  Qr>  the  b*sl*  of  thaaa  results  the  area  of  study  sea  narrowed 
to  the  Cathode  Coupled  ind  Grounded  Orld  circuit*  and  detailed  design  in- 
forwatlon  see  obtained  for  the*e  two  circuit*  in  the  75  to  150  frequency 
range.  Comparative  perforwwnc*  »t  135  and  150  ae  i*  shown  on  Table  XIV. 

Porfcrnur.c-  cf  the  tec  circuits  is  corpse?1:  »o  that,  obtained 

at  lower  frequanclea.  Good  power  ratios  were  obtained  with  nominal  level* 
of  urjuuii  dri»e.  Frequency  stability  la  somewhat  poorer  due  both  to  low*r 
quality  cry* tale  and  acre  critical  circu-t  wdjustwent.  howevei  ,  this  change 
1*  on.y  a  fww  parts  per  mil. ion  fer  a  hen  percent  change  in  supply  voltage. 

a*HOU*  imm*  »OU«D*I-On  Of  it  N  O  *  V  ■  H  S  T  (  T  u  T  (  Qf  TSfwh»>iOtuV 
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Oil  the  oasii  of  the  performance  information  presented  above, 
the  Cathode  Coupled  md  Grounded  Orid  circuits  were  selected  for  development 
of  detailed  design  data  for  general  application.  This  development  and 
design  method  are  discuued  in  later  sections  of  this  report.  However,  other 
circuit  arrangements  have  particular  advantages  for  certain  special  applica¬ 
tions.  for  example,  when  filament  type  tubes  are  used  it  is  convenient  to 
use  a  grounded  oath  ode  circuit  coflf  iguratlon.  Cir,.uita  investigated 
specifically  for  use  with  filament  tubes  were  the  Oroimled  Grid,  the 
feedback  cxr  Heegner ,  the  Bridged  »T*  snd  the  Capacit  mce  Transformer  Coupled 
circuit,  the  latter  circuit  was  conceived  during  the  course  of  this  program 
for  this  spec.'  ,'ic  application. 

Completely  satisfactory  results  were  obtained  only  with  the 
Capacitance  Transformer  Coupled  circuit.  Some  information  was  obtained 
on  the  Grounded  Qrld  circuit  utililing  a  5971  sufcminlature  trlode  but  the 
circuit  opmrates  as  a  crystal  stabilised  omciilator  rather  than  a  true 
crystal  controlled  circuit.  Is  a  result  the  circuit  is  not  as  stable  ss 
may  be  desired  and  la  prone  to  uncontrolled  oni  llatione .  However,  this 
dsts  along  with  co-plete  performance  information  cn  the  C7C  circuit  is  cen¬ 
tal  ned  in  Section  TV  of  this  report.  Nothing  ciose  to  satisfactory  operation 
was  obtained  with  the  F»edoack  or  Bridged  *T"  circuits  with  the  low  trans- 
conductance  tubes  available. 


r.sn*  Characteristic;  and  “naaurin"  Technic 


During  the  course  of  these  prelimin*rv  measurements  certain  con¬ 
structional  and  component  characteriatlca  common  to  all  circuit*  were  deter¬ 
mined  and  are  d.scuaaed  in  tha  f 


'olicming  paragraphs. 


The  difficulties  encountered  in  designing  circuit*  to  operate 
above  100  ec  center  around  ire  B»in  eanaideraticnat  circuit  layout  and 
component  characteristics.  In  the  frequency  range  of  interest,  the  usual 
care  In  layout  of  tha  circuit  aay  be  adequate;  howaver,  several  probleas 
encountered  will  be  discussed  hers.  Proper  grounding  of  elements  is 
difficult  to  obtain,  at  these  frequencies,  the  lengths  of  leads  connecting 
various  grounded  components  have  considerable  inductive  reactance.  It  was 
found  that  if  ths  center  post  of  the  tube  socket  was  the  primary  grounding 
source,  with  atniaua  lead  langthi  to  other  points,  measuremsnt  probleas  and 
spurious  circuit  responaes  ware  minimized.  Kil*ment  decoupling  networks 
were  wired  directly  at  the  socket  to  oiiainal*  uideeirsble  cathode  pickup. 

This  was  also  dons  for  ths  piste  networks.  Because  of  lead  Inductance,  the 
use  of  the  griti-dip  oscillator  Bathed  of  aligning  colls  is  meda  more  difficult, 
btraneoua  responses  sometimes  overshadow  ths  true  coll  resonant  point,  how¬ 
ever,  proper  by-peeeing  eliminates  this  trouble.  It  was  also  found  that 
In  order  to  check  a  coil  in  the  circuit,  it  was  sometimes  necessary  to  short 
out  any  other  tuned  inductance  in  the  oscillator  loop  which  might  produce 
an  erroneous  reepocie. 

^t  is  well  tiioan  that  component  impmdance  charade:  i  ,tlcs  in  the 
frequency  range  of  Interest  differ  from  thsir  characteristics  *t  lower 
frequencies.  Beslstore  of  high  ohmic  va.ue  are  generally  slightly  cap¬ 
acitive,  however,  the  resistance  values  vary  considerably  with  frequency, 
lor  bOOO  ohm  half -watt  exposition  resistors,  the  actual  measured  vai^g 
ringed  from  20  percent  to  X)  percent  .ever.  At  twice  this  value,  errors 
produced  sure  as  high  ».?  X  percent  or  more.  Capacitors  tend  to  beccme 
.mluctive  due  to  lead  length,  tr.is  effect  being  more  severe  for  higher 
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capacitarce  values.  9m  11  values  of  capacitance,  of  »bo\  t  100  mmfd  or  leas, 
exhibited  good  reaetsuica  characterl ■  11  cs .  Smell  allver  mica  capacitors 
shoe  Tory  little  loae,  but  diac  and  tubular  ceramic  capacitor*  show  parallel 
loaa  resistances  as  low  as  a  fee  hundred  ohms. 

Crystal  units  used  in  the  progrsw  ware.  In  general,  obtained  free 
either  U3ASEJ.  or  commercial  manufacturers .  All  the  type*  used  wars  wire 
mounted  (Wilts,  placed  in  HC-8/U  or  HC-18/U  holders.  Specifications  for 

Cp—  --*,ing  aboTe  8?  sc  are  not  sveiiabie.  Hcwwvur.  for  the  desired 
frequency  range,  fifth  or  aaranth  overtone  (Wilts  were  used,  assuming  a 
ma.xia\m  series  resonant  reeiatance  of  60  ohms  up  to  125  *c  and  100  ohms  to 
150  Generally,  coeeeercial  unite  having  these  specifications  were 

obtainable.  Unfor tunately ,  few  aenuf acturers  have  tied  success  in  pro¬ 
ducing  reliable  units.  Common  problems  lncludsd  crystal  fracture  and  ex¬ 
cessive  series  resonant  rssistancs.  rfary  few  units  ex-.itited  spurious 
modes. 


Crystal  parameters  were  mass  tired  In  the  TS-b83/TSil  Crystal  Im¬ 
pedance  meter.  However,  for  meaiurement  of  high  frequency  units,  the 
_ _ ,.-7,8 
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tasting  crystals  in  the  75  to  200  me  frequency  rang*. 

Tne  power  diseipetion  of  a  crystal  as  normally  maasured  Is  s 
faction  of  both  crystal  resistance  and  the  voltage  across  i  t.  Accuracy 
of  power  ri  e  cerminaci  on  is  T  non  dependent  on  inw  security  of  vr/eial  Im¬ 
pedance  and  voltage  msaa  urements ,  tne  accaptad  method  of  determining  crystal 
:  1  -  *  a  i  y  T.fiisurwasnt  in  a  crystal  is|>  ce  me  tar  such  as  the 

TS-OC3/TSM.  When  a  substitution  resists*  ,  .'saving  the  same  value  as  the  re¬ 
sistance  of  the  crystal,  is  placed  the  Cl  meter  circuit,  tr.c  frequency  of 
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operation  end  the  grid  nicrwit.  11  remain  the  sail  as  that  obtainod  with 
tha  crystal.  This  method  yields  a  measurement  of  crystal  network  resistance 
at  tha  operating  frequency  with  aci  accuracy  of  a  fe-w  percent.  Substantial 
errors  In  tha  measured  value  cf  crystal  drive  level  may  be  Introduced  by 
voltmeter  Inaccuracies  and  non-ilnusoldal  crystal  voltage  waveforms.  fcven 
an  exact  rmm  value  of  crystal  voltage  does  not  necessarily  result  In  an 
accurata  power  determination  since  the  crystal  network  offers  different 
.aluee  of  Impedance  tc  the  hamonlcs  present  in  tne  feeaoeck  circuit  end 
contained  In  the  voltage  waTefom  ecroee  the  crystal  network.  Using  the 
naa  voltage  reading  and  tha  measu-ed  crystal  resistance  to  compute  drive 
level  results  In  an  indicated  drive  higher  than  the  true  value  with  non- 
ainuaoidal  wavafor-aa. 

During  the  comparative  perfonasr.ee  inveatication  of  the  different 
crystal  oeclllatore  an  effort  was  made  to  dsersase  ths  srrore  In  drlvs  lsvel 
determination  due  to  crystal  voltage  measurement  difficulties.  Drive  level 
■eaaureaent  reported  previously  had  bear,  determined  by  Measurement  of  the 
voltage  tmtween  each  aide  of  the  crystal  and  ground  and  taking  their 
difference.  Diode  detector  circuits  ears  built  Into  each  experimental 
circuit  to  provide  the  individual  readings.  It  was  found  that  ronsideraible 
arror  in  difi'rence  voltage  measurements  is  caused  by  dissimilarities  in 
the  characteristics  of  the  diodes.  This  caused  difficulty  in  actual 
■eaeursment  ,s  wall  as  in  cos?)srlaori  of  performance  of  all  the  circuits 
since  e*ch  contained  a  different  pair  of  diodes.  In  order  to  Improve  the 
accuracy  of  iceaeurement  -,nd  comparison  of  circuit  ferfonr.-nc-  revere  1  volt¬ 
age  measuring  techniques  nave  teen  investigated  and  one  method  was  chosen 
Which  resulted  In  a  prow  design  yielding  greatly  improved  crystal  voltage 
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measurements. 


The  first  method  tried  consisted  of  a  dual  crystal  probe  used  in 
conjunction  with  a  modified  vacuum  tube  voltmeter  (VTVM).  71, £  circuit  of 
the  dual  probe  is  identical  to  that  of  tha  teat  oscillators  except  that  j 
pair  of  1N90  diodea  are  uaed  because  of  their  saaU  size  in  comparison  to 
that  of  the  1K3I..  The  VTVH  la  modified  by  adding  an  attenuator  in  the  grid 
that  ia  normally  returned  to  ground  through  a  contact  bias  network.  This 
attenuator  circuit,  which  ia  wired  onto  the  range  awitch  section  in  place 
of  the  ohwaieter  range  realatora,  ia  similar  to  the  normal  attenuator,  except 
that  it  haa  a  potentlc-aeter  In  the  grouid  end.  ‘hla  is  adjusted  for  zero 
indication,  when  both  dlodea  are  reraising  the  e»we  signal  voltage,  which 
changes  the  sensitivity  of  ona  metering  section  to  compensate  for  dls- 
aiailar  diode  characteristics.  The  modified  portion  of  t.he  VTVM  i»  shown 
schematically  in  fig.  IS.  Thie  system  results  in  considerable  improvement 
over  the  use  of  individual  voltage  readings  whan  the  probe  circuit  is  wired 
lr.to  the  too t  chassis,  but  it  is  difficult  to  main».ain  balance  whan  rui.t 
into  the  form  of  a  probe.  The  voltage  indication  is  not  only  a  funcM./.  of 
vu.tuge  difference  but  else  of  the  level  of  voltage  into  each  side  of  Uw 
measuring  system.  -Since  one  of  the  prime  purposes  of  a  redesigned  crystal 
voltage  indicator  la  for  comparison  of  crystal  drive  in  different  circuits 
»  wlred-in  probe  circuit  is  not  practical. 

eliminat*  the  problem  of  balance  being  a  function  of  signal 
iavel  a  differential  probe  was  constructed  having  the  circuit  shown  in  rig.lv. 
Thi*  circuit  utilizes  twe  dickies  connected  to  provide  the  tifferen  ,•  -  .rage 
at  the  output  of  the  probe.  A  ULar.ce  potentiometer  is  c  ruectea  *•  * 

voi’age  readout  point  milch  m  turn  is  connected  t<  a  standard  .  TVM.  Wren 
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properly  balanced  and  using  sn  Infinite  iapedanc#  mater,  the  output  voltage 
is  ons-dtslf  of  the  true  difference  voltage.  Hcwsvor,  this  varies  In  practice 
with  input  level  because  of  dissimilar  diode  characteristics.  Ety  using  a 
matched  pair  of  diodes  (1N35)  the  variation  with  input  level  ie  decreased 
but  c  calibration  curva  as  a  function  of  input  level  for  each  pair  of 
dlodaa  la. necessary  to  obtain  reasonable  accuracy. 

Since  a  direct  indication  of  difference  voltage  is  preferrabie, 
a  1105  watched  diode  pair  ms  uaed  with  the  Modified  VTVM.  This  proved 
aatiafactory  but  could  not  be  built  Into  the  desliad  probe  arrange  sent  oe- 
ceuea  of  ^Lae  requireatsnta.  To  alleviate  this  problasi  a  matched  pair  of 
hughes  UibVi's  ( HP- 30024)  were  wired  into  the  teat  chassis  and  performed 
satisfactorily,  ffcseever,  when  these  were  installed  in  the  compact  probe 
arrangmant  the  indicated  difference  voltage  again  appeared  to  be  a  function 
of  signal  input  level,  though  not  to  the  a* tent  experienced  with  the  lX3ii 
diodes  used  In  the  first  probe  design.  Further  investigation  showed  this 
effect  to  be  due  to  improper  shorting  of  the  two  probe  inruts  for  rero  ad¬ 
justments. 

It  was  fou.net  that  the  use  of  siallar  shorting  methods  for  both  tne 
probe  and  the  diode  teat  circuit  provided  improved  results.  Additional  tests 
snoaed  cost  seme  of  the  remaining  difficulty  was  due  to  non)  inearity  of  the 
vacuum  tube  circuits  m  the  77VK.  This  is  reduced  to  arceftatle  limits  oy 
the  meter  balancing  techniaue.  Balancing  and  rero  adjustment  can  best  be 
axplaiued  by  reference  to  the  complete  probe  circuit  wblcn  is  shown  in 
Fig.  20.  To  balance  the  aster  and  read  true  differential  vc.iU.ge  tne  probe 
i»  first  plugged  into  the  crystal  cocket  of  a  circuit  unier  test.  Tne  probe 
■  s  then  shorted  by  plugging  a  rrvsfu  base,  having  a  ,.ood  radio  freouency 
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short  icroit  it,  into  the  probe.  The  switch  In  the  probe  metering  circuit 
is  thsn  turned  so  thst  it  grounds  the  modified  side  "f  the  VTVM  circuit. 

This  voltage  reading  is  than  notad  and  the  normal  input  of  the  VTVM  is 
grounded.  The  VTVM  polarity  switch  is  than  set  to  the  opposite  polarity, 
and  the  potentiometer  in  the  modified  attenuator  circuit  is  adjusted  to  give 
the  saae  swtsr  indication,  Vlth  the  meter  probe  switch  returned  to  its 
center  posltioi  the  eater  adjustment  is  complete.  Comparison  readings  with 
calibrated  laboratory  voltmeters  show  this  voltage  indication  to  be  accurate 
within  five  to  ton  percent  for  all  values  of  drive  over  a  few  tenths  of  a 
milliwatt  for  typical  crystals.  Fcr  drive  levels  in  the  order  of  0.1  milli¬ 
watt  the  voltage  accuracy  is  apprcalmately  20  percent. 

Although  this  accuracy  is  not  ell  that  could  be  dost  rad  it  la  a 
great  improvement  over  the  previously  used  technique,  especielly  for  com¬ 
parison  of  drive  level  octueen  different  circuits  since  the  same  measuring 
system  la  used  In  ell  cueea.  It  ilso  represents  improvement  over  the  use 
of  a  single  mater  and  probe  to  take  two  readings  since  circuit  operation  is 
not  changed  by  moving  a  probe  from  one  aide  of  the  crystal  to  the  other. 

The  balanced  rectifier  probe  has  been  built  into  an  hC-13  crystal 
holder.  A  crystal  socket  Is  mounted  as  a  part  of  the  probe  assembly.  The 
probe  can  be  plugged  into  an  oscillator  crystal  socket  and  the  crystal 
plugged  into  the  probe  socket.  The  probe  la  loft  In  pjace  for  all  .u ting 
and  perform-vice  seasuremsnts  and  ia  removed  when  satisfactory  operation  has 
been  obtalneo  ard  the  circuit  ia  put  into  use  in  an  equipment.  Differential 
voitmetarj  have  been  designed  To i  use  at  lose-  fraqutneies  but  the  input 
capec  1  tance  of  the  probes  w»a  too  great  for  use  at  high  f reqimncies.  This 
probe  configuration ,  and  the  low  shunt  capaci'ance  of  this  diodes  used, 
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FIG  20 -BALANCED  PROBE  SCHEMATIC 
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FIG  Z  l  —  DE  FAILS  OF  TVE  BALANCED  PROSE 
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results  In  an  input  capacity  of  approximately  2.0  *afd. 

Photographs  of  the  final  probe  design  showing  internal  construct¬ 
ional  details  and  the  complete  enclosed  probe  are  show  in  Fig.  *1,  The 
photograph  on  the  left  shows  the  position  of  all  covenants.  The  two  input 
coupling  capacitors  are  standard  disc  ceramic  i»ilts  with  their  insulating 
coating  removed  and  connections  made  directly  to  the  plating.  Oh  the  righ- 
is  shown  the  completed  probe  with  a  crystal  unit  in  place. 

Fig.  22  shows  a  typical  laboratory  setup  need  in  date. m-ning 
crystal  oscillator  performance.  The  balanced  probe  with  the  crystal  in  place 
is  plugged  into  the  test  chassis  crystal  socket.  The  output  and  crystal 
vni»n»ter«  ■  r»  tr.  ths  background.  The  output  meter  is  the  Hewlett-Packard 
U10B,  and  has  its  probe  plugged  into  e  tip  Jack  on  the  oscillator  chassis, 
thrwctly  below  this  probe  is  the  connecting  line  to  a  frequency  counter. 

The  crystal  deference  voltmeter  v.  -  constructed  from  a  kit  with  proper 
modification  to  allow  di f ferenti..  -  voltage  indication.  The  probe  switch, 
which  allows  reading  of  either  differential  voltage  or  the  voltage  frem 
either  side  of  the  crystal  to  ground,  is  visible  in  front  of  the  lower 
center  or  the  meter  penei.  The  teat  assembly  or, own  ii  typical  of  that  used 
for  determining  and  verifying  the  design  information  contained  in  Xppmndix  I 
of  this  report. 
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FIG  22  - LABORATORY  SETUP  FOR  CRYSTAL  OSCIL.ATOR  PERFORMANCE  MEASUREMENTS. 


ni.  amausis  or  circuit  ormti*)  characteristics 


Ib  order  to  compare  the  experijeental  result*  of  the  circuits  under 
consideration  with  theoretical  expectations.  It  is  neeeaaary  ve  u<r»slop  and 
analyte  the  loop  fein  equations  for  these  erievits.  The  equations  derl.ed 
below  contain  certain  simplifying  assueptions.  These  result  in  email j  under¬ 
stood  relations  which  prone  useful  for  comparing  qualitative  rv  suits,  but 
proride  very  little  quantitative  information.  How-ver,  the  use  of  these 
equations  in  conjunction  with  measured  performance  data  results  in  a  useful 
relationship  for  the  design  of  sarlas  resonant  crystal  oscillator  elroults 
and  prediction  of  their  performance. 

Six  circuits  are  analysed.  Thess  ars  the  0 rounded  Orid,  C  tthode 
Coupled,  Transformer  Coupled,  Bridged  *T",  Feedback;,  and  Capacitance  Transformer 
Coupled  oscillators.  Although  only  the  first  two  and  the  last  circuits  are 
utilised  in  later  developments,  the  others  are  of  Interest  and  their  equations 
are  presented  and  discussed  here.  The  next  section,  which  deals  with  the 
exper imantal  determination  of  circuit  performance  will  be  concerned  only  with 
the  Q rounded  Grid  and  Cathode  Coupled  circuits  for  general  applications  and 
tha  Grounded  Grid  and  Capacitance  Transformer  Coupled  oscillators  for  special 
application. 

A .  Analysis  of  the  Grounded  Grid  Oscillator 

The  Grounded  Grl  <  oscillator  circuit  is  shown  in  Fig.  23.  Tha 
r.^cK.„w  vniiava  la  obtained  fro  a  a  tapped  plate  coil  and  is  applied  through 
the  crystal  network  to  the  Input  of  the  Grounded  Orld  Triode  amplifier  ctago. 

For  tha  crystal  to  operate  at  exactly  series  rssorvance,  there  eust  be  sero 
oKt=,  Thift  throughout  tha  loop  circuit.  As  a  result,  the  phase  shifts 
produced  by  Individual  circuit  oiray  reictancss  scat  b*  crwipansatnd  by  circuit 
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itttifn,  or  crystal  operation  will  b*  at  oth*r  than  th*  s*ri*s  r#*on*nt  rr«- 
qu*nc.r  of  tht  crystal  network  >•  ****ur*d  in  a  cryittl  i*p*d*nc#  HUr,  Thai 
Input  {cathode-to -ground)  eapacitanc*  of  th*  tub*  it  iun*d  with  the  eathod* 
cell,  1^,  at  tha  operating  ?r*qu*rcy.  Th*  load  and  plat*  circuit  eapacitaneta 
i~“*  tontd  with  th*  plat*  coil,  1^.  Th*  laakag*  inductanc*  of  th*  plat*  coll, 
thlch  *ff*cUT*ly  appear*  at  th*  tap  point,  1*  tun*d  with  C-,  a  though  this  la 
net.  a  critical  «i*a*nt.  Dndtr  that*  conditions,  whan  th*  plat*  coll  is  tun*d 
to  rtsootnot,  oscillation*  will  occur  at  tha  aarlas  r*sonant  frtqoancy  of  th* 
crystal. 

Th*  tqulralsnt  circuit  of  Fig.  ?3B  thowt  th*  »nr«  important  stray 
r**ct*ncts.  For  this  circuit  th*  loop  gain  la  gl**c  fcqrt 

0  ”  A«V"  (1) 

wh*rs  it  th  -oltaga  sain  of  th*  grtnmdad  grid  anpllflar,  I  in  th*  ratio 
or  th*  u*cill*tor  plat*  Toltag*  to  th#  tap  Toltaga,  and  i*  th*  ratio  of  th* 
|  round  *d  grid  input  roltag*  to  th*  tap  wolUf*.  ill  loading  affacta  arw 
lncludsrt  In  Itj^  which  1s  shewn  froa  th*  tap  to  ground.  Th*  Indlrldual  gals* 
art  glrtn  by  th*  following  *xpr«sgionai 
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whtr*  R^  la  th*  strltt  rt^.-ant  crystal  rtslstancs,  it  th*  tub*  trancondnc- 
tanc*,  and  th*  *ff*ctlw*  »plifi*r  loud  (for  gain  purposo)  i*  th*  irartsforasd 
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impedance  of  R^  la  parallel  with  the  laps  dance  looking  Into  tha  crystal 
network  frees  the  transforaer  aid*.  It  Is  asruaed  that  the  affeetln  plat* 
load  is  Mall  compared  to  too  pLs»a  rasisvaun»  of  ths  tubs.  Thi  lc*p  •*!?!,  3 , 
is  than  glean  byt 


The  loop  gain  srost  ha  graatar  than  unity  for  oscillations  to  start. 

Ones  started,  tha  tranaccnduetanee  of  ona  or  both  tubas  daeraaass  until  tha 
right  hand  axpraaaion  of  aquation  (k)  la  equal  to  unity  and  equilibrloa 
conditions  exist.  Since  tha  amplitude  of  steady  at at a  oscillation  la  propor¬ 
tional  to  tha  initial  Talus  of  loop  gain,  it  can  ha  assn  that  tha  anpliluda 
of  <  icillstion  will  Increase  for  lncraaaing  amlnaa  of  8  and  g^  and  dscreass  for 
increasing  crystal  resiatanca,Bx.  Tha  affset  of  R^  is  not  linear,  but,  in 
general,  increasing  rmluas  of  will  result  in  inereassd  aaplltuda  of 
oscillations. 

Frequency  stability  considerations  and  csrtaiii  performance  cnaractarls  ■ 
tics  paculiar  to  operation  of  tha  Grounded  Qrld  oscillator  at  low  frsquanciso 
(10  -  k0  sc)  are  discussed  in  tha  final  paragraphs  of  tha  sac  Lion  arreted  to 
the  analysis  of  tha  Cathode  Coupled  oscillator  which  follows. 

8.  Analysis  of  ths  Cathods  Coupled  Oscillator 

Tha  cathode  coupled  crystal  oscillator  circuit  is  shewn  in  Fig. 

Two  trlodsw  art  used,  ona  as  a  grounded  grid  amplifier,  tha  other  as  a  cathods 
follower.  Feedback  Is  supplied  through  tha  low  ijspadanca  path  of  the  crystal 
at  saries  rsaonanca  between  ths  two  cathodes.  Since  there  aust  be  sero  phase 
shift  around  tha  circuit  loop,  >hase  shifts  caused  by  tha  serious  strsy 
reactances  aust  be  compensated  by  circuit  design.  Ths  cathode  follower  c»n 
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be  axle  rrhstantlAlly  free  of  phase  ahlft  over  *  wide  frequency  range  by 
aaklnc  C^/g^  •  C^Rj w  where  li  the  trmnseonduetanoe  of  the  cathode 
follower  tube  and  la  lta  total  load  realetanoe.  The  amplifier  Input 
capacity,  C^,  can  bo  antlresonatad  with  1^  at  th*  operating  freqwsiajj.  A 
representation  of  the  equivalent  circuit  la  ahovn  in  Pig.  2liB.  In  this 
olrcult,  It  is  assmsed  that  I,  tunes  Cp,  tunas  CT^,  C^/g^  • 
tunas  the  crystal  static  capacity,  Cc  has  negligible  reaetanoe  at  the 
operatic  frequency,  and  that  Includes  the  useful  load  aa  wall  v»  the  Input 
reals  tance  offered  by  the  cathode  follower  olrcult.  It  la  also  aa  visaed  that 
Is  large  compared  to  the  crystal  resistance  and  the  grounded  grid  amplifier 
inmt  ienedanaa.  Under  these  conditions,  the  cathode  follower  load  resistance 
Is  me.ely  the  crystal  resistance,  in  series  with  l/’g^^,  the  amplifier  Input 
impedance.  Therefore,  when  the  plate  tank  Is  tuned  to  resonance,  oscillations 
will  ocour  at  the  series  resonant  frequency  of  ths  crystal. 

The  conditions  neaeesary  for  o  so  11 1st  Ion  la  tns  cathode  coupled 
crystal  oscillator  can  be  determined  from  the  loop  gain  of  the  circuit.  The 
loop  gad.a,  0,  Is  given  byi 

°  ■  (5) 

where  A  le  the  roltage  gain  of  the  grounded  grid  amplifier,  A  .  Is  the 
PR 

voltage  pin  of  the  octhole  follower,  art!  Is  the  ratio  of  ths  grounded  grid 
•ap'.Llfl«r  l«r>ut  woltase  to  the  cathode  follower  output  voltage.  The  Individual 
gains  are  given  apprarim to ly  by  the  following  expressions* 

*„  -  v\  "" 
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n m-  x 
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of 


A 


X 


1  ♦ 


(T) 


(?) 


Than, 

0  •  *L 

' - -y- - -t -  (?) 

S  *  «-e 

T'na  loop  (aln,  0,  nii  "oa  pwUr  than  anltj  for  oaclllatlotta  to 
■tart.  Tho  initial  valoa  of  aquation  (9)  la  proportional  to  tho  aqatHbrlm 
aaplltuda  of  ooc.  nation,  aud  it  can  ho  aoan  that  tho  auplltuda  of  ooelllatlon 
lnoroaaoa  for  tnsroaalaf  ▼alnto  of  and  aad  daeroaoaa  for  lneraaalni 
cryatal  rooiotaaso,  Kx> 

Clruult  *r»  loot  Ion  and  porfomanco  ■oaasroaanta  on  tho  Cathodo 
Coupled  and  Or-oussled  Orld  elrenita  In  tha  rwi^o  of  10  to  75  w  roraalod 
problout  of  frequency  and  oryatal  Toltafo  correlation.  It  haa  boon  datamlnad 
that  for  tha  a  am  tanlnc  procedure  mad  at  hlfhar  frequencies,  tha  oparctln* 
frequency  la  abora  f  by  20  to  25  parte  par  uilllor,  In  tho  rai^a  of  10  to  UO 
ao.  at  nifboi-  frasaiScU:  this  oroblm  boooma  negligible. 

Investlgatlona  In  thla  frequency  range  hare  shown  tha  problm  to  ba  ooaaon  to 
both  elroulta.  Tuning  for  najdjrai  output  sau>.  d  tha  crystal  to  o  pa  rata  In¬ 
due  tlaa  '  (f  >  f  )  and  It  aaa  dataralnad  irpsrlasfttally  that  Dlaelnf  ap 

o  9 

indue  time  •  r^xetene*  •qulYxlant  to  that  of  t h*  erjrrtxl^  tt  \j\m  original  opsratias 
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frequency,  in  series  with  the  crystal  end  re  tuning  for  maximum  output  provided 
operation  at  or  near  fg.  it  was  decided  to  uae  tone  fora  of  compensation 
since  operation  at  f  i>  highly  dscirehle. 

In  an  effort  to  determine  the  reason  for  the  frequency  effects 
dlecueaed  above  a  further  analysis  of  the  circuits  was  Bade.  It  had  been 
as  suns  1  in  preliminary  analysis  that  tuning  the  cathode  end  plate  clrculte 
end  the  lestage  inductance  of  the  Grounded  Grid  plate  coll  should  provide 
resistive  operation  of  the  crystal.  Since  inductive  operation  la  canaon  to 
both  circuits  the  leakage  Inductance  would  not  be  the  cause,  the  condition  uf 
the  plate  tank  after  tuning  to  maximum  output  vaa  investigated  and  It  wee 
date  rained  that  it  could  not  have  caused  the  amount  of  Chase  shift  being 
encountered.  The  tuning  cc.kiltton  of  the  cathode  circuit  wee  alao  shown  to  be 
unable  to  cause  this  effect,  since  it  could  not  ccmpensate  unless  it  were 
detuned  considerably  to  the  capacitive  «lde  of  resonance.  Study  of  the  various 
stray  reactances  shows  only  one  that  has  not  been  considered  in  a  loop  phast 
analysis  of  either  circuit.  This  is  the  reactance  of  the  plato-to-cathode 
capacity,  t'r*  coupling  circuit  from  plate  to  cathode  was  analysed  to  determine 
If  the  presence  of  this  capacitance  would  tend  to  produce  the  Matured  affects. 
A  general  network,  shown  in  Fig.  25,  vat  considered.  An  Ideal  tranaforaer 
haring  a  turns  ratio  and  voltage  ratio  of  lm  la  assumed,  R  Is  the  resistive 
Input  impedance  of  the  grounded  grid  Mplifler,  Z*  la  the  operating  crystal 

serlaa  impedance,  and  C  .  la  the  direct  plate  to  cathode  capacitance. 

Pk 

The  circul.  admittance  parameters  defined  by  i 

J1  ”  T11  *1  *  T12  h  <10> 

T2  -  T?1  S.  ♦  l?2  Z;  (11) 
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Rlj.  ??  -  Idaaliaad  ?lata-fo-Catho  >•  CempliJSf  Batvork. 


h  {-£-  *  J*v]  *i  -[t;  ♦  ^v]  ** 

xl  *  •['IT'  *  2h)cpk]  *i  *  [^T  *  2O0Pk]*» 


Sins*  to*  crutpwt  crur rant  L, 


la  aaro,  tha  ratio 
n»  ♦  J(0Cpk 

*  ♦  rx  ♦  J(«ocpk  Z^R) 


(12) 

(13) 


(U.) 


Rat  iorva  Haiti  cm  and  aquatint  of  tha  imaginary  part  to  aaro  thorn  that  thara 
will  ba  no  phaaa  dlffaranee  batwaan  ana  ran  Z*  ois  -  rco:tl~  part  (1^) 
flran  by 


I 


/ - ? - 

n  /  n 

-  -/  ;  "J'j 

2u>Cpk  /  UwCpk 


*x(k  ♦  -  at) 


(15) 
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Selection  of  the  negative  sign  for  the  value  of  the  radical  provide* 
the  largest  value  for  the  ratio  end  thue  le  the  proper  eolation.  A 

crystal  of  earo  resistance  require*  no  eerie*  reactance  for  the  coupling 
circuit  atamJ  bar*  place  the  Ideal  transformer  always  ha*  the  lin  voltage 
ratio.  The  developed  equation  of  reactance  doee  not  readily  simplify  to  *how 
the  circuit  requirement*.  It  doe*  »how,  however,  that  a  epeclflc  relationship 
mast  exlrt  between  Cpk  and  the  positlra  reactance  In  th*  eerie*  fax! back  path. 

Ths  result  point*  out  two  posslblllti**  for  improving  fr*qu*ncy 
correlation.  On*  1*  to  provide  as  inductor  In  **rl*«  with  th*  crystal.  The 
other  1*  to  change  Cpk  to  bring  th*  correlation  figure  within  acceptable  Unit*. 
A  factor  which  help*  tc  reduce  th*  effect  at  higher  frequencies  is  that  eon- 
alderabls  reactance  la  preaent  in  the  lerle*  lead*  to  tn*  crystal,  8* doe  ad 
value*  of  Cpk  cannot  be  obtained  for  experimental  evaluation)  however, 

Inc  reeling  CpJ[  0  or  recti  the  frequency  but  greatly  decree***  th*  output.  To 
achieve  coapl*t*  correlation  at  10  m,  for  example.  It  warn  necessary  to  add 
30  aaifd  to  th*  tub*  and  wiring  capacity  already  preaent  whlrv  lowered  th* 
output  to  that  obtained  at  150  me  for  similar  circuit  operating  condition*, 

Ths  use  cf  s  eerie*  inductor  provide*  frequency  correction  regard!***  of  th# 
cryetal  terminal  to  which  It  1*  connected,  bet  to  provide  good  correlation 
of  crystal  voltage  as  well,  it  must  b*  placid  between  crystal  and  Input  of  th* 
grounded  grid  stage.  Crystal  voltage  correlation  It  considered  a*  having  been 
wbtelaed  wbsu  cqusl  vell*~»  »r«  measured  aoroaa  th*  crystal  o  •  a  rail* tor 
equal  to  tha  crystal  realat anca.  This  require*  that  th*  crystal  operate 
re*  Is  lively. 

The  above  development  doe*  not  yield  design  results  of  *ufflol*nt 
accuracy  tine*  It  indicate*  aeries  Inductance  vslnet  ccraiderabiy  smaller  than 
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hava  been  deteralnsd  experiments lly.  It  does,  however,  deeonrtrete  that  the 
presence  of  Cpk  contributes  to  iha  positive  rwUsi  opsratiss  cf  tbs  errs  til, 
which,  ••  was  discussed  previously,  la  laaa  Mnn  at  higher  frequsnslse. 

Tha  frequency  stability  factors  of  aarlaa  raaonant  crystal  oecllla- 
2 

tors  has  bean  developed  by  Ideon  ,  and  arc  defined  In  tarns  at  tha  loop  phase 
shift.  To  cospara  various  crystal  driving  ssthods,  a  reference  phase  angle, 

X,  Is  defined  as  that  at  tha  self -laps  dancs  of  the  series  are  of  the  equivalent 
crystal  lapedaace,  eonsletlng  of  Lj,  and  R^.  It  can  then  be  shown  that  the 
stability  factor,  3  ,,  used  as  the  .-sfarsnes.  Is  fiver  byi 


S. 

A 


to 

-  I 

1  ♦  tan  X 


where 


.  — V— 
^1*1 


(16) 


(17) 


and 


u)  *  (J0  ■ 


(16) 


for  relatively  high  values  of  Q, 

Sj  will  be  e  aaxlaua  when  tanX  »  0.  for  other  values  of  the  angle, 
the  stability  factor  will  be  dewaded  Iff  an  mtcrant  defined  as  tha  degradation 
factor,  given  by 

D0  -  1  .  tan2X  (19) 

This  degrading  factor  holdt_for  cry  eta.  e  that  have  no  shunt  espaeitanee  or 
coupling  to  spurious,  parasitic  resonances  when  operating  at  the  desired  node, 
for  circuit  conditions  that  provide  additional  degradation  of  the  stability 
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factor,  aquation  (16)  becomes 

3  .  - iS. -  t  20) 

r  1  ♦  tan  X 

f or  the  clrctite  under  consideration  here,  the  crystal  la,  in 
general  driven  between  two  resistive  elements,  Rfc  end  R^.  If  a  compensating 
coll  is  used  to  eanoel  the  effects  of  the  crystal  shunt  capacitance,  Co,  and 
a  minimus  transmission  loss  is  asstmed,  the  Q  degradation  May  be  calculated. 
It  can  be  shown  that,  if  the  sum  of  R^  and  1*  bald  constant, 

sue  h  that 

*t  "  *.  *  *b  (21) 

then,  for  a  fixed  Q  degredstlon,  must  be  equal  to  R^,  For  this  condition, 
then,  where  R'  *  R^  •  R^, 

D  -  - ^ -  (22) 

(Rx  *  2R' ) 


2R,Q 

3  - - -  (23) 

(1  *  tan  X)  (H.  *  ?R  * ) 

X 


It  la  apparent  from  equation  (2 3), that  If  R1  ie  eada  small,  the 
degradation  Is  reduced.  However,  this  is  increased  at  the  expense  of 
transmission  loss.  Sevsrthslsss,  for  th*  circuits  described  In  this  report, 
the  crystal  Is  generally  driven  between  relatively  high  resistances.  The 
values  of  R  and  *  are  usually  In  the  order  of  several  hundreds  of  ohms, 
although  crystal  Q  la  degraded  considerably,  the  drive  larel  is  kept  within 
reasonable  limits  am  al.ulliiy  *  ■=  still  good. 


tRMOua  KIMICm  IOUIOMiOI  Of  umoil  N  IT  iTuT  1  Of  TIChMOlOST 


57 


C.  Analysis  of  ths  trtMfornr  Couplsd  Oscillator 


The  Transformer  Coaled  oscillator  circuit  la  shown  In  Fig.  26.  A 
single  grounded  cathoda  pentode  amplifier  itip  la  used  In  a  tuned-plate 
tuned-grid  arrangement.  Tha  faadbaek  voltage  la  obtained  from  a  tap  on  tha 
Plata  coil,  1^,  and  la  applied,  through  tha  crystal  network,  to  tha  grid 
transformer,  L  .  Loop  phase  shift  la  aaro  whan  the  various  stray  reactances 
are  o oaipan aa ted. .  Tha  load  and  strgy  plate  capacitances  are  toted  with  L^. 

The  leakage  Inductance  of  ^  Is  toned  with  C^.  The  grid  circuit  capacitance 
la  tuned  by  the  secondary  of  L^.  The  static  capacitance  of  the  crystal,  CQ, 
la  cancelled  by  L^.  Under  these  conditions,  vhsn  the  plate  coll  Is  tonsd  to 
resonance,  oscillations  will  occur  st  tha  series  resonant  frequency  of  the 
crystal. 

The  equivalent  circuit  is  shown  In  rig.  268.  Hsre,  it  Is  asswed 
that  ell  stray  reactances  are  tunad  and  are  represented  In  the  circuit  as 
resistances.  For  this  circuit,  therefore,  the  loop  gain  equation  la  given  by« 

0  •  VA*  VS  (2M 


where  A  la  tha  voltage  gain  o'  the  grounded  cathode  amplifier,  A  Is  the 
ge  X 

ratio  of  the  grid  coll  primary  voltage  to  tha  plate  coil  tap  voltage,  3p  is 
the  ratio  of  tha  oec  11  later  p  ate  voltage  to  the  tap  voltage  and  Si^  la  tha 
ratio  of  the  grid  coil  pr lea ry-to-eecondary  voltage.  All  loading  effects  are 
Included  In  K^,  which  la  connected  from  the  plate  coll  tap  to  ground.  The 
Individual  gaina  are  then  given  by  tha  following  expressions! 


a 

"gt 


*L  (Rx  *  rt\  } 


*x  *  g*g 


(??) 
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(26) 


jOl. 


s*  *  r«/R* 


where  g^  Is  ths  traneccrsciaetanea  of  the  tab*,  is 
resistance,  and  r  is  ths  total  (rid  circuit  load. 


ths  ssrlss  ressnant  crystal 
Ths  loop  (sin,  0,  is  than 


0 


«»  "P  *«  *1  r! 

*K*<h  ♦  V  * r. 


(27) 


Oscillation  will  start  vhan  0  is  grsatsr  than  unity.  Ths  amplitude  of 
oscillation  vlll  increase  for  increasing  raluss  of  all  ths  circuit  paraaMtsrs 
in  ths  numerator  of  aquation  (27),  and  vlll  decrease  for  Increasing  values  of 
crystal  resistance. 

A  discuesion  of  frequency  stability  consideretione,  which  are  canon 
to  all  eerles  resonant  circuit*,  Is  given  In  the  section  on  the  Cathode 
hoiiniad  "•dilator. 

Further  experimental  investigation  of  this  circuit  vss  not  warranted 
In  view  of  ths  reeults  outlined  In  Section  XT.  1  gi  wral,  the  circuit 
exhibit*  an  exceaalv*  crystal  drive.  This  is  due  to  ths  physlsal  properties 
of  the  grid  circuit  trsnefoneer.  The  grid  impedance  reflected  into  ths 
crystal  circuit  is  too  low  when  typical  coils  are  used.  This  condition 
becomes  wore*  at  the  higher  frequencies  due  to  t.he  small  coll  coucllng 
coefficients  obtainable.  In  addition,  circuit  tuning  Is  quite  difficult 
because  of  the  large  number  of  tuning  adjustments. 

D.  Analysis  of  the  Bridged  »T*  Oscillator 

Two  forme  of  the  equivalent  circuit  of  the  Bridged  *T*  oscillator 
are  shown  in  Fig.  27.  The  output  of  the  trlode  amplifier  stage  if  developed 
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•cross  the  load  in  the  plate  circuit.  The  feedback  network  consists  of  • 
bridged  *T"  network,  where  the  cross  arm  elements  are  composed  of  the  tuning 
coll.  L,  in  parallel  with  the  series  combination  of  the  capacitors  Cp  and  C^. 
The  crystal  comprises  the  vertices  arm  impedance.  C ^  ana  are  combinations 
of  physical  and  stray  capacltancss  in  the  plate  and  grid  circuits,  respectively. 
By  eomoen sating  the  shunt,  capacitance  of  the  crystal  with  the  coll,  1^,  and 
tuning  l,  with  Cp  and  to  resonance,  the  loop  circuit  will  be  substantially 
f res  of  phase  shift  and  oscillation  will  occur. 


Mg.  27«  shove  the  equivalent  circuit  of  the  Bridged  "T*  oscillator, 

where  is  the  impedance  of  the  grid  circuit,  R^  Includes  all  plate  circuit 

losses,  R  is  the  scries  resonant  resistance  of  the  crystal,  and  C  ,  C  ,  and  L 
X  pr  g 

are  defined  above.  If  the  grid  and  plate  circuit  losses  are  i  otablned  Into  a 
single  equivalent  series  ios.i,  RJ ,  which  also  includes  the  coll  loss,  then  the 
equivalent  circuit  assuaes  the  fora  shown  In  fig.  2?b. 

If  L,  and  Cg  are  tuned  to  the  series  resonant  frequency  of  the 
crystal,  the  transfer  impedance  of  the  bridged  "T*  network,  defined  by  the 
rstlo  of  the  output  voltege  to  the  input  current,  is  given  byt 


Z 


t 


R  - 


x 


(28) 


On  the  basis  of  tha  constant  current  generator  equivalent  circuit  of  the  tube, 
t^a  Input  current  la 


and 


■  -  8. 
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TMa  ia  tha  condition  for  s  taady-§t*ta  oscillation*  Tho  loop  gain  aquation 
la 


"  «m  zt  ‘  «.  < 


loop  gain  tends  to  Increase  with  Increases  in  the  tube  transconductanc*  and 

t 

Kill  decrease  with  increases  In  C^,  Cg,  R^,  and  R^.  Since  and  R^  both 

* 

become  smaller  at  the  higher  frequencies,  indicating  and  Increase  In  R,,  it 
is  expected  that  operation  of  this  circuit  at  higher  frequencies  may  become 
marginal.  This  has  been  verified  experimentally. 

The  circuit  n.s  not  been  Investigated  in  great  detail,  since 
preliminary  Performance  measurements  indicate  a  lack  of  desi.  tble  operating 
characteristics.  When  used  with  subalnlature  filament -type  tubes  and  typical 
circuit  parameter  values,  a  loop  gain  of  approximately  unity  is  obtained, 
which  is  marginal  from  the  standpoint  of  both  starting  and  operating 
charac terlstlcs. 

E.  Analysis  of  the  Feedback  Oscillator 

The  circuit  diagram  of  th»  Feedback  oscillator  Is  shown  In  Fig.  28. 
Although  operation  is  Indicated  with  the  use  of  eubmihlitare  filsser.t  type 
triode  tubes,  th<  analysis  presanted  is  applicable  to  other  types  as  well. 

The  circuit,  with  the  crystal  removed,  ie  basically  a  tuned-plate  ture--grid 
configuration.  The  output  Is  developed  across  the  plate  co  il»  Lp?,  of  the 
second  triode.  The  feedback  voltage  is  obtained  from  a  i«p  uh  this  ceil  end 
is  fed  back  through  the  crystrl  network  to  the  grid  circuit  of  the  first 
trlodo.  The  output  voltage  of  this  tube  is  developed  across  its  plate  coil, 
Lp.,  is  applied  to  the  grid  of  the  second  tube.  The  combination  of 
and  the  plate  and  load  capacitances  are  tuned  to  the  resonant  frequency  of 
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tha  crystal,  u  la  t!-»  combination  of  and  tha  stray  capacitancas  du*  to  the 
Plata  circuit  of  tha  flret  tub*  and  the  grid  clrcvit  of  tha  aacond  tuba, 

Tba  loop  gain  la  (Ivan  by 


0  '  *1  *2  VV  {3?) 

vhers  A^  it  tha  voltage  gain  of  tha  first  amplifier  ataga,  A^  la  tha  roltaga 
gain  of  tha  aacond  amplifier  stage,  A^  la  tha  ratio  of  tha  first  aapllflar 
input  voltage  to  the  tap  -oltaga  and  la  tha  ratio  of  tha  second  anclr  •  ■ 
output  roltaga  to  tha  tap  Toltaga. 

Tha  individual  roltaga  gains  are  glren  in  tha  following  axprosalona; 
whara  tha  tuba  and  olrcuit  parameters  are  tranaconductanca  of  the  first  trlod# 
aagillfler  tuba,  g^j  tranaconductanca  of  the  aacond  trloda  tube.g^j  tha  load 
of  tSa  first  ataga.  Including  all  plate  circuit  losaaa  of  tha  flrat  ataga 
and  grid  circuit  loaaaa  of  tha  aacond  ataga,  R^j  tha  total  load  in  ths  aacond 
ataga  g^j  tha  sarlaa  resonant  resistance  zi  the  crystal  unit  R^j  and  tha  total 
of  all  grid  circuit  losses  in  tha  first  stage,  R<>1 . 

Tha  gain  of  the  fir.’-  tn  a  stage  ia  g^  R^.  Ths  gslr.  of  tha 
second  trinda  ataga  ia  given  by  *»,>£,  *,5(R,  ♦  R,1)/(&L?  ♦  ♦  Rfl).  Tha 

tap  roltaga  is  alaply  tha  output  of  tha  aacond  trloda  wultlpliad  by  l/»pj.  Ths 
Input  to  tha  first  trlod#  la  R^,/(R_  ♦  Rgl>  times  tha  Up  roltaga.  Therefore, 
tha  arpresaloo  for  tha  loop  gain  1st 


o  -  ^  V  4  '-,r  *,i 
V  (Rx  *  V5  <rl?  * R,  *  v 

or  aiaolifylng, 

o  .  ^  *u  rl<  Yi 

•*w  *  Rx  *  R*i 
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It  can  be  seen  that  increasing  will  decrease  tha  loop  gain,  bat  increases 
In  any  other  parameter  will  lnereaae  tha  loop  gain. 

This  circuit  was  developed  apeclfloelly  for  uaa  with  swkmlnlature 
filament-type  tubaa.  however,  with  existing  valuta  of  tranaeonductaneo  for 
tnaaa  tubaa,  It  new  baan  fount  that  tha  circuit  will  not  oaclllata.  Iran 
with  tha  uaa  of  ladlraetly  ha a tad  eat hod a  tuba  typaa  with  g^  valuta  of 
It  000  ahoa  o  pa  rati  on  uaa  Marginal.  Ve  advantaga  la  offered  by  tha  Peedbook 
c— ■  --sal  u«,  tinea  it  la  aora  difficult  to  construct  and  adjust 
than  tha  0  round  ad  Qrid  and  tha  Cathode  Cocplad  clroulta. 

T.  1:  of  »ha  naeaeltigsee  Transformer  Coupled  Oscillator 

Tha  Capaeltanea  Transformer  Couplad  oaclllator  la  a 'town  schematically 
In  Pig.  29.  Thit  circuit  la  similar  to  tha  conventional  tranaf onaer  couplad 
oaclllator,  except  that  tha  feedback  voltage  la  obtained  fro*  a  tap  on  tha 
Plata  coll  and  la  applied  through  tha  crystal  and  a  pi  network  to  tha  grid 
nf  tha  tuba.  Tkie  pl  network  la  an  l*X>edanee  and  phase  Inverting  circuit 
which  aatohaa  tha  low  Impedance  the  crystal  to  tha  high  ispedanue  av  tha 
grid.  Inherent  in  this  ayataai  la  tha  voltage  step-op  f row  the  crystal  side 
of  tha  network  to  tha  grid  tide.  This  • tap-up  la  approximately  equal  to  tha 
ratio  of  C 

Tha  loop  gain  aquation  for  thla  circuit  iai 

0  "  Au  *x  li  (35) 

a 

V 

where  is  tha  gain  of  the  amplifier  stage,  A^  is  the  ratio  of  tha  pi  natwork 

input  voltage  to  tha  plate  toll  tap  voltage,  la  approximately  tha  ratio 

C  /C  w  and  ■_  is  tha  ratio  or  tha  oaclllator  plate  voltage  to  tha  tap 
i  a*  r 

voltage.  All  loading  affects  are  Included  in  R^  which  is  shown  from  tha  tap 
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COUPLED  OSCILLATOR 


to  ac  ground. 

The  effective  amplifier  load,  for  gain  purposes,  la  the  transformed 
Impedance  of  In  parallel  with  the  equivalent  impedance  looking  Into  the 
cryatal  networ)  free  the  trmsformer  side.  The  Individual  gains  are  given 
by  the  following  expresslonai 


k 


a 


g,  »r  \  (»,  *  r,^) 

rx  *  ri  * 


(36) 


where  g  la  the  tranecorduetanee  of  the  tube,  R  Is  the  crystal  resistance 

a  * 

at  series  resonance,  and  r  is  the  equivalent  ae  input  impedance  of  the  tube. 

i 


Rx  *  'A 


(3?) 


The  loop  gain,  0,  then  1st 


„  g_  k  N  R,  r 

3  -  S  p  g  *1  g 

rg  *  \  (R*  ’  V 


(30) 


which  may  be  co-pared  to  the  equation  for  the  loop  gain  of  the  Transformer 
Coupled  oscillator,  equation  (27). 

For  an  analysis  of  the  pi  network,  Fig.  30  shows  ths  equivalent 
schematic  of  the  major  components  and  parameters.  The  input  voltage,  e^  is 

“•■non  from  crrslal  to  ground,  e  is  the  vMt.ame  from  arid  to  ground,  r  Is 

a  S 

the  ec  Input  Impedance  of  the  tube,  C  ^  Is  the  stray  capacity  from  grid  to 
ground,  is  a  ohyalcsl  espacltor  in  addition  to  the  crystal-to-ground 
strays,  and  L  Is  the  grid  coil  which  tunes  to  the  series  resonant  frequency 
of  the  crystal  with  the  series  combination  of  C ^  and  C  . 
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■mat  ba  used.  Tbo  ratio  of  the  real  to  the  imaginary  parte  of  equat?  on  (39) 


Reel 

I  **g  1  na  ry 


SJjSl 

c«w  *  c« 


(lii) 


To  make  this  ratio  a*  large  a*  poeeible,  C  ^  nay  be  Increased  by  adding 
capacitance  acroaa  the  grid  stray*.  Tb*  Halting  Talue  of  C  .  Is  determined 
by  the  ttli*  of  th*  pl^yslcal  coll  n**dad  to  ton*  th*  grid  circuit. 

It  can  be  s**n  that  th*  loop  fain,  aquation  (38)  1*  ■ailstn 
at  not**  value  of  Thl*  occur*  wh*r* 


",  -  >T^q~rrj 


(!(?) 


b«>a.l  IS 


l 


<*x 


RL5 


(1(3) 


Using  typical  clroult  paraaeter  t*1u*s,  0^  for  this  circuit  rang**  in  ralu* 
from  2.0  to  li.O,  Th*  only  f  requency-dependent  pa  ran*  ter  In  equation  (1(3)  1* 
r  ,  However,  Omt  is  proportional  to  th*  squar*  root  of  r^,  and  thus  1*  not 
act  fr*qu*ncy-d*p*nrl*nt  a*  alght  be  expected. 

Th*  crystal  drlr*  level  1*  a  function  of  that  plat*  coil  tap  Toltag* 
and  the  i»p*dar>ce  of  reflected  into  th*  crystal  circuit.  This  1*  dot* rained 
by  th*  capacitance  ratio,  1^. 

Th*  effect*  on  loop  {air  of  the  various  circuit  parameters  ar* 
listed  belowt 
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*.  Increases  In  R^  decrease  the  loop  gain  and  output,  provided 
*  la  greater  than  the  value  shown  In  equation  (li2). 

b.  Increasing  the  (rid  bias  raslrtano*  ircrvasss  and  R^  and 
lowara  tha  aval  labia  output. 

c.  Maintaining  a  constant  capacltanoa  ratio  and  increasing 
and  C^,  R^  incrtasaa,  lowering  tha  output. 

Tha  thraa  variation*  lirtad  abcrv#  all  hava  tho  affaet  of  Improving  tha  phase 

charactariatic  of  tha  pi  network  with  the  result  that  tha  circuit  operates 

closer  to  tha  aeriee  resonant  frequency  of  the  crystal  with  a  corresponding 

loss  in  otrtpit.  Tide  loss  nay  b*  eonpronised  by  increasing  g.  R  ,  or  1  . 

™  p  L 
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IV.  KraftPOSHTAL  CIRCUIT  OPBUTIWO  CHARACTERISTICS 


With  the  development  of  the  equivalent  circuits  and  tha  loop  gain 
aquations,  given  in  the  preceding  section,  SuSparativj  psrforaance  as5!'jr*“rt» 
vara  made  and  the  results  are  presented  and  discussed  hare  for  the  Grounded 
Grid,  Cathode  Coupled,  and  Capacitance  Tranefoneer  coupled  circuits.  In  order 
to  obtain  lnfonsatlon  for  devising  a  design  technique  for  these  oscillator 
circuits  in  the  frequency  range  of  75  to  150  me,  circuit  costponent  values  were 
varied  and  the  resulting  chargee  in  circuit  performance  were  tabulated  and 
graphed.  Use  of  these  graphs  allowed  tha  choice  of  a  circuit  arrangement 
having  the  most  desirable  performance  characteristics. 

To  determine  the  changes  in  circuit  performance  with  variations  of 
circuit  components,  a  refer. ince  circuit  for  each  oeclllator  at  tha  various 
frequencies  was  chosen.  In  genaral,  the  reference  circuit  represents  optima 
conditions  of  operation.  In  the  graphs  to  follow,  the  basic  circuit  schematic 
is  shown  with  appropriate  component  symbols  and  the  values  of  the  reference 
circuit  components  are  incited. 

Component  changes  were  effected  on  this  reference  circuit  and  the 
changes  in  oscillator  performance  plotted.  In  general,  the  plate  supply 
voltage  was  plotted  as  the  abeclsse  with  the  ordinate  representing  two 
parameters  i  the  output  voltage,  eo,  and  the  crystal  driving  power,  F  ,  Curves 
were  obtained  by  holding  all  but  one  component  constant  at  the  reference 
circuit  values  and  varying  tu.o  on*  through  a  range. 

Circuit  layout  materially  ef'ects  the  performance  of  en  individual 
uoCillit or.  Houses-,  ••wt.lon  of  proper  components  is  also  critical.  As 
reported  in  Section  II,  good  grounding  is  the  major  layout  concern.  The 
centerpcais  of  the  tubs  bases  sere  used  »a  the  primary  grounding  sources, 
keeping  all  lead  length*  as  abort  as  possible. 
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A.  P*rfonun!«  Characteristics  of  the  Grounded  Grid  Oscillator 


The  preliminary  reference  circuit  of  the  Grounded  Grid  oscillator  is 
shewn  ir.  Tig.  *1.  Component  Telue a  are  indicated  on  the  schematic,  These 
values  were  selected  to  insure  oscillator  operation  throughout  tne  range  of 
frequencies  and  date  supoly  roltagoe  used,  but  are  somewhat  arbitrary.  By 
»eans  of  varying  one  component  through  a  range  of  values  and  keeping  the  others 
fixed,  plots  of  performance  variations  were  made.  The  resulting  graphs  were 
erulyxed  and  a  reference  circuit  was  determined  which  would  produce  optimum 
operational  characteristics.  This  circuit  was  evaluated  at  frequencies  of  ?C. 
105,  135  and  ISO  me. 

A  typical  set  of  graphs  is  shown  in  Tigs.  31  through  38  for  the 
Grounded  Grid  oscillator  operating  at  lC^  me.  Thes  -  figures  show  performance 
variations  with  changes  In  g^,  R^  R^,  R^,  R^,  Cj ,  and  tap  point  of  the  plate 
ceil.  Using  tne  loop  gain  analysis  results  for  comparison,  it  can  be  seen, 
from  equation  III-U,  that  the  output  increases  for  increasing  values  of  H, 

R^,  and  g^.  The  experimental  results  shown  in  Figs.  32,  3t,  and  38,  for 
variations  in  g^,  R^,  and^t,  respectively,  verify  t^ls  Conclusion.  Increasing 
the  tap  Dolnt  (which  is  defined  as  At,  the  incremental  Increase  in  the  number 
of  turns  from  the  initial  tap  point  away  from  the  ground  and  of  the  coil)  places 
a  higher  voltage  at  the  input  of  the  crystal  and  also  at  the  input  circuit  of 
the  tube,  raising  the  output  and  drive  level.  In  addition,  increasing  the 
value  of  will  reduce  the  output,  as  sijown  'rom  the  IccP  gain  equation  and 
verified  by  the  results  in  Fig.  33.  Increasing  uhe  bias  voltage  or.  the  tube 
will  decrease  the  tranaconductarvce  ana,  consequently,  the  output.  This  le 
shown  in  graph*  of  Figs.  35  and  36.  Although  is  not  a  critical  circuit 
D*rajae„er,  the  variations  in  nerformance  produced  by  changes  in  this  component 
are  shown  in  Fig.  37.  The  selection  of  the  proper  value  of  this  component 

a  6  «  O  u  »  »  t  5  &  A  4  C  w  IOUiDA'iOn  C'l  ;  1  .  *  O  (.  *1  S  *  '  7  vj  T  J  q'  TJCHNOlOG* 


73  - 


FIG  32 - CIRCUIT  PERFORMANCE  WITH  CHANGES  IN 
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FIG.  33 - CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  Rx. 


FIG  34 —  CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  RL 
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FIG  37 - CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  CF. 
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FIG  38  — CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  TAP  POINT 


depend*  on  the  leakage  Inductance  of  the  plate  coll  that  appears  at  the  tap 


ana  is  ehossn  to  resonate  with  this  Indue tancs  st  the  csris:  resonant  fre¬ 
quency  of  the  crystal. 

Selection  of  the  component  values  for  the  flnalieed  reference  circuit 
requires  an  evaluation  of  the  pe  "oraanee  graphs  of  the  oscillator  operating 
throughout  the  entire  frequency  range.  This  evaluation  was  accomplished,  being 
based  r r  'uch  perfonaance  eharactarlstlca  as  output  voltage,  crystal  drive 
level,  power  ratio,  frequency  correlation,  and  frequency  stability  with  changes 
In  plate  eupply  voltage.  The  resulting  rsfsrence  circuit,  given  in  e  later 
section,  le  then  used  in  the  development  of  the  design  method, 

B.  Performance  Characteristics  of  the  Cathode  Coupled  Oscillator 

The  preliminary  reference  circuit  of  the  Cathode  Coupled  oscillator 

is  shown  In  Fig.  39.  This  circuit  was  experimentally  evaluated  at  fraquenclee 

of  75,  105,  135,  and  150  ao.  Typical  performance  graphs  are  shown  for  operation 

at  1C*  me  In  Figs.  hO  through  *6.  These  figures  show  performance  as  a  function 

of  the  values  of  g_,  R  ,  R_,  R,  ,  R  ,  and  R _  (sea  circuit  schematic  for  com- 

”a'  x*  l  kg'  gg'  gc 

ponants  associated  with  these  syabolt).  To  compere  the  theorwtloal  con¬ 
siderations  with  the  experimental  results  obtained  here,  referenoe  Is  aads  to 
the  loop  gain  equation  for  the  olreult  Indicated  by  equation  ITI-9. 

The  expected  increase  in  output  with  increasing  values  of  g^  end 
le  shown  by  Inspection  of  the  graphs  in  Figs.  Uo  and  12,  respectively.  Outjmit 
decreases  with  increasing  values  of  ts  verified  by  Fig.  111.  The  bias 
eoapenente  of  the  grounded  grid  stage,  and  R  ,  lower  the  transconductance 
of  the  tube  with  Increasing  value  of  resistance.  Renee,  the  output  decreases, 
as  indicated  in  the  graphs  of  Five,  hi  and  L6,  respectively.  Increasing  the 
resletance  of  lowers  the  transconductance  of  the  tubej  however,  the  output 
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FIG  39  — CATHODE  COUPLED  OSCILLATOR  AT  10*  mc». 
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FIG.  44 - CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  R 
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FIG.  45 - CIRCUIT  PERFORMANCE  WITH  CHANGES  >N  R0c- 


FIG  46 — CIRCUIT  PERFORMANCE  WITH  CHANGES  IN  RQ0 
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jjgmdance  of  this  stags  Is  such  that  the  level  of  feedback  1*  g reats r,  tending 
to  Increase  dr  its  sad  output,  ae  shorn  in  rig.  Liu  It  can  bo  seen  that  ft 

BO 

Is  eetua  liy  part  of  the  output  loading.  Hare*,  increasing  this  conponsnt 
Talus  would  decrease  tha  loading  and  increase  output.  This  Is  variflad  by 
tht  ra suits  shown  in  Fig.  U5. 

By  araluating  the  results  thus  obtained  for  operation  osar  tha 
frequency  rungs  and  plate  supply  roltages  used,  a  finalised  reference  circuit 
was  established,  which  was  used  as  a  basis  for  ths  design  asthod, 

C.  ferfomame  Chsiactsflatlca  of  the  Q  round  ad  Or  Id  3ub»lnl«ture 
Tuba  Oscillator 

An  investigation  of  parfonsanes  of  ths  Grounded  Qrld  oscillator  with 
tha  usa  of  tubas  hawing  dlractly  hsatad  cathodes  has  bean  aads.  Tha  circuit 
diagram  is  shown  in  rig.  u7.  Opersticr.il  characteristic s  St  ?5  end  mC  eo  are 

fond  in  Tablet  IT  and  XYI. 

Tula  circuit  could  not  be  wade  to  oeclllata  as  a  true  crystal 
controlled  oscillator  because  of  the  low  tuba  transconductance  and  tha 
resulting  low  loop  gain.  However,  it  is  included  here  as  a  useful  circuit 
for  certain  application.  tsperimentc  indicated  that  oscillation  could  be 
obtained  If  another  feedback  path  la  pro  Tided.  This  path  consists  of  ths 
plate-to-eathods  end  cathode -to -ground  capacitances.  If  ths  lattar  Is 
completely  compensated,  no  oscllKiona  will  occur.  However,  if  ths  cathode 
circuit  1*  a<M„«rta<4  an  that  a  maall  effective  capacitance  appears  from 
cathode -to -groxnd,  oscillations  will  start.  Adjustment  of  the  circuit  can  be 
made  such  that  the  crystal  must  ha  present  to  sustain  oscillations  resulting 
Is  a  crystal  stabilised  oscillator,  but  one  of  poorer  stability  than  that  of 
a  true  crystal  controlled  oscillator. 
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GROUNDED  GRID  SUBMINIATURE  TUBE  OSCILLATOR 
75-150  MC 


IB  addition,  measurements  of  crystal  drive  ara  not  realistic 
becesse  of  ths  additional  phase  c naraaterlstd.  c  introduced.  Tha  voltage 
developed  at  tha  eathoda  lapadanea  la  tha  sum  of  that  developed  by  tha 
crystal  network  and  tha  p lata -to -eathoda  end  cathode -to -ground  capaoltlas. 

As  a  result,  Ind—eted  crystal  drive  levels  are  lew. 

Design  information,  as  such,  was  not  developed  for  this  circuit 
because  of  Its  limited  use.  However,  general  design  procedures  are  similar 
to  those  of  tha  Q  round  ad  Orid  circuit  using  indirectly  heated  esthode  ♦tsbo 
types,  lefer  to  Appendix  I,  Part  g. 2.  for  eoll  winding  data,  ata. 

D.  Performance  Characteristics  of  tha  Capacltano#  Trent  mar 
Coupled  Oscillator 

During  tha  course  of  investigating  circuits  for  operation  with 
directly  heated  cathode  type  tubes,  tha  Capacitance  Transformer  Coupled 
oscillator  was  developed.  As  discussed  in  tha  previous  section  on  circuit 
analysis,  tha  impedance  matching  effected  from  the  crystal  to  the  grid  circuit 
and  the  inherent  voltage  step-up  of  the  pi  network  provides  desirable 
performance  characteristics  for  this  circuit. 

The  schematic  of  the  circuit  is  shown  in  Pig.  k 8.  Performance  has 
been  determined  over  the  75  to  150  me  frequency  range.  Those  characteristics 
ere  found  in  Table  ITU.  Oae  of  this  circuit  with  filament  type  tubes, 
instead  of  the  0 rounded  arid  oscillator.  La  recommended  since  the  output  is 
Crystal  controlled,  rather  than  crystal  stabilised. 

The  reeosumnded  oscillator  circuit  uses  a  5875  aubmlnlature  oeirtode 
with  a  nominal  of  2500  ^inhoa.  Tha  nominal  load  resi sterna  Is  5000  ohms. 
Coll  winding  Informal!""  for  ’  c~*  Z^,  li  ciiltlcr.  tc  tUc  crycisi  caspsnssting 

Inductance,  1^,  Is  presented  in  Tig.  Li  S’  and  Tsble  ITTII.  Howwver,  may  b* 
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FIG  .48 — CAPACITANCE  TRANSFORMER  COUPLED  OSCILLATOR 
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FIG  49  —  INDUCTANCE  VS  FREQUENCY  FOR  THE 
CAPACITANCE  TRANSFORMER  COUPLED 
OSCILLATOR  COILS 

75-150  MC 


Inch** 


rr*q. 

coll 

U011 
«*» - -  - 

r  w 

04  mm  1 

me 

- 

“ 

Oage 

I* 

- 

32 

75 

4 

156-0 

20 

b 

is  6-0 

20 

i 

b 

27  ! 

105 

r 

“g 

136-0 

20  I 

: 

136-0 

. . 

2°  , 

2U  1 

135 

h 

156-0 

20 

b 

Ld  6-0 

20 

tr 

- 

21* 

150 

b 

156-0 

20 

b 

156-0 

2°  1 
_ L. 

i  *’ 


>*h 


1/i* 

3/8 

3/3 


1/U 

1/2 

1/2 


3/8 

3/8 

1/2 


5/32 

1/2 

1/2 


21 

7 


16 

5 

7 


10 

I* 

6 


1/2 


1/2 


3A 


.670 

.1*10 

.570 


10 

85 

100 


.370 

.210 

.300 


4- 


5 

80 

110 


3A 


."10 

.11*0 

.ICO 

.180 

.110 

.160 


25 

70 

:oo 


33 

50 

60 


MOT! i  Lg  1*  wound  on  *  21,  1/2  watt  carbon  composition  resistor. 

The  indies  tod  coll  typo*  for  In  and  Ip  ar*  Cambridge  Tharm- 
ionlc  Corp.  for**,  0.26"  O.D. ,  27/32*  ion*.  IiK>-  is  tha 
pari  uiBuir  spsciJytnj  th*  coil  form  typo  and  slmo.  The 
oufllx  designates  the  cor*  formulation. 

The  tap  cn  Ip  1*  Boasurod  from  tha  ground  and  of  tha  coil. 

Tha  inductance  and  Q  of  all  crystal  coils,  I  ,  ware  measured 
it  50  me  on  tha  Boonton  Radio  Corp.  Q  Ms  ter,  Model  1604.  The  ind¬ 
uctance  and  Q  of  Lj  and  Ip  wars  measured  at  their  operating  freq¬ 
uencies  on  tha  Boonton  Radio  Corp,  Q  Meter,  Model  1704. 


tabu  xviii  -  CAEfcgaana  coltlkj  obcii^atck  coil  rata 

75  -  150  me 
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either  tunable  or  fixed.  The  rinding  data  la  to  ba  used  aa  a  guide  in 
selecting  th*  proper  induetane#  of  tha  coll*,  although  following  th*  axact 
configuration  1*  not  neceesary. 

Initial  tuning  adjuatmants  of  tha  circuit  ora  ta  follow*,  Is 
wired  aero**  tha  crystal  IOC  lot  terminals  and  all  other  connections  to  thla 
socket  are  removed.  With  th*  crystal  plrggad  Into  th*  socllat,  the  coll  is 
adjusted  to  resonate  with  *5  of  the  crystal,  at  tha  crystal  frequency.  Tui* 

■ay  be  accomplished  with  a  grid  dip  meter  (Met sur amenta  Corp.  Model  58 
Megacycle  Meter,  for  Instance).  The  correct  value  of  Inductance  is  indicated 
when  the  dip  coincides  with  the  activity  peak  of  the  crystal  unit,  although 
this  adjustment  is  not  critical.  Whan  has  been  tuned,  the  crystal  is 
reserved  fro*  the  socket  and  one  aid#  of  li  opened.  ill  other  normal 
connections  are  wired  to  the  crystal  socket  and  nla»*nt  power  la  appllad  to 
th«  tub*.  Tha  plat*  aupply  toltag*  is  Isft  off.  is  then  tuned  by  nee  of  a 
grid  dip  ester  to  th*  iKuilnal  crystal  frequency,  fB»  it  Vuli  point,  eey  be 
approximately  tuned  by  the  sane  procedure.  1^  is  rewired  on  the  crystal  socket 
xnd  with  th*  crystal  in  place,  the  supply  voltage  is  applied.  is  now 
adjusted  for  mucuss  sntpei  voltage  and  the  procedure  le  c cablet*. 

Several  component  and  circuit  parameter  change*  may  be  effected  to 
obtain  specific  per  forme  \ee  characteristics,  Th*  eor*  obvious  methods  of 
raising  output  voltage  ere  to  increase  th*  load  resistance  or  lower  the  bias 
on  the  tube,  iimtf— r  method  th*t  w«y  be  used  is  to  raise  th*  ocil  tap  point. 
Th#  selection  of  the  proper  tap  point  affecto  th#  drive  level  of  th*  crystal, 
and  is  thus  limited  In  range  in  order  to  keep  the  power  dissipetlon  within 
prescribed  llalta.  In  addition,  since  output  Is  a  function  of  the  ratio  of 

C  to  C  .  .  it  can  be  teen  from  the  loop  geln  analysis  (equations  111  =  38  and 

g  jr 

m-iC)  that  increasing  C>k,  by  padding  th*  grid -to -ground  capacitance,  will 
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result  in  hi  gfier  output.  However,  crystal  di  iva  will  else  increase 


Therefore,  the  retie  should  not  be  plater  then  3  or  U  te  one.  Another 
Halting  factor  on  this  ratio  ie  the  physical  site  of  L(  needed  to  resonate 
the  total  oapaeltenea  at  the  daslrsd  frequency  of  operation. 

Although  the  5675  tube  Is  used  In  portable  equip— nt  where  spare 
require— nte  are  critical,  another  type,  the  6612,  is  a  sutaelnlature  file— nt- 
type  pentoda  that  utilises  a  "B"  supply  of  50  rolte  and  providas  output  c  se¬ 
parable  to  thet  of  the  5675.  The  noainal  of  the  6612  la  about  2200  yuahot. 


<  e  I  ■  t  .  »  C  H  IOU«0*1:0«  O  •  I:  HOI!  I.iinuu  01  (cmnologt 


-  'H  - 


V.  DgVtLOWKiff  eg  THE  DKIOH  METHOD 


With  the  determination  of  the  performance  of  the  Cathode  Co up lad 
aiyl  Oroisided  Grid  oscillators,  and  the  development  of  a  reference  circuit 
for  each  oeciliator  that  operates  over  the  required  f-sqsncj  nm|n  end 
plate  supply  voltages,  it  was  necessary  to  investigate  the  operation  of  the 
oscillator  circuits  over  a  wide  range  of  conditions.  The  result  of  this 
investigation  led  to  the  establishment  of  s  set  of  design  criteria  for  each 
circuit  type ,  which,  in  turn,  was  coordinated  into  e  coaplete  design  method. 

Performance  curves  for  the  two  series  resonant  circuits  were  pre- 
auf.tsd  in  the  previmio  lection.  In  order  to  obtain  correlated  data,  the 
g  neralized  reference  circuite  were  subjected  to  a  wide  variety  of  component 
and  circuit  parameter  changes  end  the  resulting  performance  data  evaluated 
with  the  aim  of  generalizing  thir  information  and  deriving  a  set  of  design 
criteria. 

The  initial  approach  was  aade  by  interpolating  the  performance 
curves,  of  which  those  in  the  previous  section  are  typical  ax&apies.  By 
varying  crystal  resistance  and  load  resistance  at  several  levels  of  piste 
supply  voltage,  a  set  of  Curves  wars  plotted  from  the  data.  Sines  the 
curves  were  essentially  linear,  simple  aquations  could  be  obtained  to  describe 
performance.  H^ever,  v  irlatlon  of  other  circuit  coaponents  resulted  in 
nonllnesrltiee  that  were  difficult  or  Impractical  to  describe  in  this  manner 

In  order  to  obtain  •ddii-icviii  ~ .-ii-ns  ic,  tube  — — - *,n . 

a  survey  was  aade  to  determine  those  tube  types  which  would  satisfy  circuit 
requirement*  as  Indicated  by  the  loop  gain  equations  for  the  Grounded  Orld 
and  Cathode  Coupled  oeclllatoro  (equations  III— U  and  I1I-9,  respectively). 
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Although  pentodes  uy  be  used,  the;  ere  undesirable  mince  most  Kil  approved 
iypss  have  the  suppressor  connected  to  the  cethode  internelly,  increeeing 
the  possibility  of  uncontrolled  oecilletion#  due  to  the  increased  p late- to¬ 
es  th  ode  capacitance,  for  general  purpose  eppli  cation,  it  «*e  found  that  the 
5670  miniature  duel  trlode  «&s  the  eost  euiteble.  The  traneconductance  of 
this  tube  type  is  well  above  the  minimum  required  in  either  oscillator 
circuit  type,  where  typical  component  values  are  asexmed.  In  addition, 
having  both  triodes  in  one  envelope  is  convenient  for  use  in  the  Cathode 
Coupled  cl  cult,  end  the  additional  trlode  stage  for  the  Qrowdea  Grid 
circuit  can  be  advantageously  utilised  ss  e  buffer  asgilifier.  Other  types 
suitable  for  this  application  are  the  12AT7  and  6021,  the  former  being  a 
prototype  of  the  5670  and  the  latter  e  subminiature  cathode  type  siadlar 
in  characteristics  to  the  5670.  In  addition,  two  separate  triodes  aay  be 
used  for  the  Cathode  Coupled  oscillator,  provided  the  ^  la  greeter  than 
2000  pah os. 

Sines  it  was  desirable  to  slaplify  the  uee  of  the  design  aethod 
as  much  at  possible,  it  became  necessary  to  dsteraine  a  single  set  of  re¬ 
ference  circuit  coeponent*  suitable  for  use  throughout  the  frequency  range. 
Performanco  of  this  circuit  is  then  determined  as  a  fvsnctlon  of  frequency 
end  the  effect  of  component  v«lue  on  performance  .a  then  determined  and 
plotted  as  a  normalised  curve  with  respect  to  the  performance  end  component 
value  of  the  reference  circuit.  This  method  gives  a  more  realistic  measure 
of  circuit  operation  than  that  attempted  previously. 

The  only  component  changes  necessary  throughout  the  frequency 

rang*  were  the  cathode  coil.  J.  :  the  olat*  coll,  and  the  crystal 

e  r 

compensating  inductance,  1^  and  Lp  are  tuned  to  thie  circuit  and  stray 
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cspaeltancss  in  the  cathode  and  plate,  respectively .  L,  is  resonated  with 
the  ahunt  capacitance  of  the  crystal. 

1  he  major  considerations  given  in  circuit  construction  were  in 
proper  grounding  techniques,  lead  dress,  decoupling,  and  part  placement. 

In  general,  grounding  w»s  aecompli»!i„>l  ai.  the  tube  base  centerposte  and  the 
poeer  plugs.  Placement  of  parts  was  deterained  to  hold  lead  length  to  a 
minima.  For  the  test  circuits  output  voltage  was  wade  availabla  through 
a  pin  jack.  To  obtain  frequency  measurements,  connection  was  hade,  by 
weans  of  a  saall  capacitor,  fraai  the  output  to  a  coax  connector.  The 
crystal  socket  was  placed  for  insertion  of  the  differential  voltmeter  probe, 
deacribed  in  Section  II.  Decoupling  was  accomplished  with  coassrcially 
available  Inductances  and  capacitors.  It  waa  found  that  U70  nafd  disc 
ceramic  capacitors  vers  suitable  for  uee  throughout  the  frequency  range. 
Flate  decoupling  colls  wars  generally  3.3  ph  and  filament  decoupling  coils 
were  1.0  ph  for  aoat  circuits. 

With  the  ea tablishjeant  of  the  reference  circuit,  component  var¬ 
iations  were  aade  and  the  resulting  performance  was  plotted.  These  per¬ 
formance  characteristics  were  output  voltage,  e0;  crystal  drive  voltage, 

•XJ  the  correlation  between  circuit  operating  frequency  and  the  series 
resonant  frequency  of  the  crysta  ,  4f,j  and  th#  frequency  stability  of  tha 
circuit  with  changes  in  supply  voltage,  flfb,  and  filament  voltage,  &ff. 

Output  voltage  as  a  fimctlon  of  supply  voltage  was  determined  for 
the  refurence  circuit  st  esch  teat  frequency .  The  sets  of  data  were  then 
correlated  '  v  produoa  the  graph  of  crutput-frequency  characteristics  of  th# 
two  calculators.  Similarly,  tha  crystal  drive  voltage  was  measured,  far 
the  inference  circuits,  and  plotted.  Frequency  characteristics  of  the 
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reference  circuit  were  determined  and  tabulated. 

The  development  of  the  da.i*.  sst hr«,  e——  ♦  ’—Terence  circuit 
haring  the  deeired  characterietice  had  been  obtained,  consisted  mainly  of 
varying  circuit  component  values  over  a  choeen  range  and  noting  the 

i 

resultant  effect  on  circuit  operation.  The  circuit  component!  and  j 

parameters  varied  were  the  biaa  resistances,  crystal  resistance,  tube 
transconductance  and  the  oscillator  load  resistance. 

The  output  and  crystal  drive  voltages  were  tabulated  for  each 
component  value,  over  a  range  of  plate  supply  voltages.  It  eas  found  that 
performance  is  dependent  an  percentage  component  change  to  the  same  extent 
at  all  frequencies  throughout  the  range.  The  information  could  thua  be 
generalized  without  any  loss  of  accuracy.  Consequently,  graphs  of  output 
versus  cosgjonent  values  were  normalized  with  respect  to  the  reference 
circuit  values. 

The  complete  design  method  for  crystal  oscillators  operating  over 
the  0.8  to  150  me  frequency  range  Is  presented  in  Appendix  I.  Part  A 
presents  c caplet*  infonsitiov'  on  the  Groirxied  Orid  and  the  Cathode  Coupled 
oscillator  circuits  operating  in  the  10  to  150  ac  frequency  range.  A 
complete  description  of  these  series  resonant  circuits  is  given,  with  respect 
to  circuit  construct 'on,  coaponent  characteristics,  tuning  procedure,  design 
examples,  and  psrfcrssr.ee  character!  e*i  rs.  Similar  Information  is  given 
for  three  antlresonant  circuits  in  Part  B.  These  are  the  Colpitts 
(Grounded  Plate  Pierce),  Electron  Coupled  Colpitts,  and  the  Miliei 
oscillators.  Basic  studies  of  the  Colpitts  oscillator  were  completed  an 
a  previous  foundation  program'’.  As  a  part  of  this  program,  the  available 
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?.nforantion  m  rachacked  and  tha  frequancy  ran*a  axtandcd  to  iO  ac. 
rerforaanca  inf or nation  for  aubainiatum  filaaant  typa  tuba  clrculta  hca 
baan  praaantad  In  Saction  IV. 


71.  5W.IW  fUSSONAMT  OSCIUATOR  OPERATIC*  TO  200  me 


Investigations  bar*  b«en  ndt  of  the  performance  characteristics  of 
the  Grounded  Grid  and  Cathoda  Coupled  oscillators  operating  at  frequencies  up 
to  2CO  me.  In  general,  it  has  beer  found  that  the  circuits  must  be  operated 
at  a  higher  level  to  sustain  oscillations.  Output  voltage  is  somewhat  lover 
and  eiystal  drive  higher  than  that  experienced  at  the  lover  frequencies. 

Crystal  units  vert  obtained  froa  severs!  manufacturers  at  the 
specific  frequencies  of  17?  and  200  ac.  The  series  resonant  resistance  of 
all  units  was  less  than  10G  ohms  ia  seasursd  ir.  the  modified  TS-603  Crystal 
Impedance  Meter.  The  17?  me  unite  were  mounted  in  HC-6A’  holders  and  the 
200  ac  unite  in  HC-18/U  holders.  The  crystals  operated  on  the  ninth  overtone 
of  their  fundamental  frequency. 

Circuit  constructional  datails  followed  the  form  of  the  lover  fre¬ 
quency  oscillators.  It  was  necessary  to  uss  extreme  care  in  the  wiring  of  the 
circuits  because  of  stray  capacitances  and  lead  inductances.  It  was  found 
that  many  circuit  components,  specifically  bypass  and  decoupling  capacitors 
and  soma  ft?  chekeo,  exhibited  self -resonance  st  the  oscillator  operating 
frequencies.  Silver  mica  capacitors  were  chosen  for  most  applications  and 
chcka  coils  were  selected  to  minimise  decoupling  problems. 

In  order  to  uttein  reasonable  operation  of  the  Orounded  Orld  circuit 
throughout  the  range  of  frequencies  and  yiata  supr.ly  voltmjes  over  which  it  was 
tested,  it  was  found  necessary  to  decrease  the  cathode  bias  resistance  to  100 
ohms.  The  load  resistance  used  was  10,000  ohms.  At  17?  me  the  output  voltage 
develooed  varied  from  a  low  of  3.0  to  a  ilgh  of  iu . 0  volts  as  the  plate  supply 
voltaga  wss  varied  from  7?  to  lc0  volts.  Crystal  drive  ranged  from  1.0  to  6.0 
imi  over  the  same  operating  range,  the  average  value  of  Af^  /as  approximately 
7.0  opw.  At  20C  me  it  was  necessary  to  reduce  the  cathode  bias  resistance  to 
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V»1>»9S  «■  thnaa  at  17<;  ns.  The  averace  value  of  £f.  vaa  about  8.0  ppai. 

u 

Prop.i  operation  of  the  Cathoda  Coupled  Circuit  vaa  gone  what  wore 
difficult  to  obtain  than  for  the  0  round  ad  Orld.  However,  by  making  R^  equal 

to  Zero  and  R _  equal  to  100k  it  was  poealble  to  obtain  oryetal  controlled 

f® 

operation  even  with  the  $000  chat  load.  Oscillations  could  not  be  obtained  for 
plate  supply  volt \ges  lees  than  100  volts  with  this  olrcuit  arrangement .  Out¬ 
put  voltages  fro*  3.0  to  10.0  volts  and  crystal  drives  frees  1,0  to  7.0  sse 
were  obtained  for  a  rang#  of  B*  of  100  to  1$C  volte.  Frequency  correlation 
figures  were  below  the  series  resonant  frequency  of  the  crystal  by  approximately 
10  pp*.  Frequency  stability,  A  f^,  averaged  about  10  ppe  over  the  frequency 
range  and  plate  supnly  voltages  used.  The  above  performance  information  was 
coesson  to  both  the  17$  and  200  me  circuits,  although  operation  at  200  me  re¬ 
sulted  In  slightly  lees  output  voltage,  even  though  the  load  resistance  was 
Increased  to  1  OK  ohms. 

The  results  of  the  limited  tests  at  thesa  frequencies  Indicate  that 
circuit  performance  follows  the  trends  shown  in  the  design  data.  However,  due 
to  the  low  output  power  and  high  drive  characteristics  obtained  at  20o  sc,  it 
seams  that  tba  upper  limit  for  conventional  crystal  oscillator  circuit 
arrangements  is  being  approached.  Two  possible  avenues  of  further  development 
are  indicated.  One  is  the  us  a  of  circuits  having  distributed  par  area  ter 
components,  the  other  would  be  the  use  of  a  circuit  similar  to  the  high 
frequency  Cl  Keter  unit  followed  by  sufficient  power  gain  to  provide  reasonable 
output. 
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711  .  CONCL05I0®  AND  RECCKMKDATIOie 


Investigation  o  1  the  nerfomncs  characteristic*  of  a  variety  of 
cryttal  oscillator  circuits  has  resulted  in  the  development  of  a  design 
method  for  a  selected  group  of  series  and  antireronant  oscillators.  Two 
series  resonant  circuits,  the  Grounded  Orld  and  the  Cathode  Coupled  oscil¬ 
lators,  chosen  from  a  group  of  twelve  circuits,  exhibited  the  most  desirable 
characteristics  of  output  voltage ,  crystal  drive  level,  circuit  construction 
and  tuning,  ana  frequency  stability.  Variation  of  circuit  components  and 
parameters  over  a  wide  range  of  values  resulted  in  the  determination  of  a 
set  of  performance  characteristics  which  could  be  normalised  with  respect 
to  those  of  a  reference  circuit  capable  of  operating  over  the  entire  range  of 
frequencies  and  plate  supply  voltages. 

From  the  generalised  information  a  set  of  graphs  and  tables  were 
derived  for  each  circuit  type,  which  can  be  used  to  design  an  oscillator  at 
ary  specific  frequency  in  the  range.  The  reference  circuit,  on  which  design 
changes  may  be  made  in  order  to  obtain  specific  performance  characteristics, 
Is  the  basis  of  all  measurements .  It  Is  reccnxnended  that  this  circuit  be 
used  without  design  changes  wherever  possible.  However,  If  design  changes 
are  required,  the  accuracy  of  predicting  output  voltage  is  within  20  percent 
of  the  values  indicated  for  specific  elrcuit  designs.  Crystal  drive  may  be 
predicted,  with  an  accuracy  of  approximately  30  percent,  based  on  measurements 
of  crystal  voltage  and  assuaed  resistive  operation  of  the  crystal. 

Three  antlresonant  circuits,  the  Colpitts  or  Qrounded  Plate  Pierce, 
th*  Electron  Coupled  Colpitts,  and  the  Miller  oscillators,  have  been  in¬ 
cluded  in  the  design  method.  The  bulk  of  the  Investigation  of  these  circuits 
had  been  performed  on  a  previous  program,  but  were  Investigated  further  in 
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order  to  mrtand  tha  f req  nancy  rug*  to  20  me.  Hera,  again,  tha  reference 
circuits  are  reo  fended  far  use,  wherever  possible,  without  da  sign  changes . 
However,  iaf Question  la  available  to  offset  la  sign  changes,  uaing  a  foraat 
similar  to  that  of  tha  seriea  resonant  circuit*. 

Deal  an  information  for  two  circuit*  used  for  special  applioation 
is  also  included .  Thaac  circuita,  tha  Grounded  Or  Id  and  the  Capacitance 
Transformer  Coupled  oscillators,  utilise  suhmirdature  type  tubes  having 
directly  heated  cathodes.  The  latter  circuit  provides  true  errata 1  controlled 
operation  and  is  recommended  over  tha  Orounded  Grid  circuit.  However ,  tha 
former  circuit  may  prove  uasful  in  certain  applications,  although  stability 
is  much  poorer  for  changes  in  ambient  condition* . 

Tha  circuits  have  bean  designed  to  provide  reasonable  outputs  and 
utilise  sound  engineering  principles  of  operation.  Performance  characteristics 
have  beam  optimised  wherever  possible  to  take  advantage  of  component  and 
parameter  ratings.  The  design  examples  outlined  in  the  Design  Data  section 
(Appendix  I)  were  selected  to  show  the  method  of  aaxlmiiing  output  voltage 
while  staying  within  prescribed  limits  of  crystal  drive  power.  However ,  to 
obtain  other  specific  characteriitiei ,  each  as  increasing  frequency  wtahiUtr, 
etc.,  it  would  be  necessary  to  investigate  circuit  change  a  capable  of  pro¬ 
ducing  ths  doetred  r -suits  as  described  in  the  body  of  this  report. 

Experimental  evidence  indicates  the  feasibility  of  using  the  two 
series  resonant  oscillator  circuits  at  xrequonci.es  up  tc  200  sc  4  , 

it  is  apparent  that  tha  upper  frequency  limit  is  being  approached  for 
conventional  crystal  oscillator  circuit  arrangements.  Although  performance 
characteristics  follow  ths  trend  shown  for  lower  frequency  operation,  out¬ 
put  power  is  much  lower  and  crystal  drive  is  high.  Tar  these  frequencies, 
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It  may  be  dealrabie  to  as*  circuit*  haring  distributed  parameter  components . 
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The  foil  c'ng  is  a  listing  of  th*  toy  personnel  working  on  this 
•n’opran  toccthar  '  th  a  tabulation  of  th.j  epproxlaate  mart>er  of  hour*  each 
man  ha*  spent  on  th*  entire  project.  Additional  hour*  for  other  aerrlcae 
are  also  listed . 


Man  and  Title  or  Serrlce  Project  Hour* 

R.  W.  Bull.  Suporriaor  876 
M.  tppley ,  Assistant  Experimental  Engineer  221ii 
H.  E.  Truen,  Associate  Engineer  2056 
J.  F .  Aurinsky.  Assistant  Experimental  Engineer  1739 
A.  0  °eit,  Assistant  Engineer  3552 

S.  A.  *  iberte,  Assistant  Meager  ?7le 
Technician  Serrice*  68? 
Supporting  Service*  3?7 
Drafting  and  Shop  Serrice*  622 
Other*  58 


In  the  par&gr  .phs  to  follow,  the  background  and  qualifies tiona  of 
these  men  are  glren.  The  period  of  time  each  man  was  associated  with  this 
program  is  is  Heated  under  his  name. 

R.  W.  Bull  -  Supervisor,  Electronic  Instrumentation  Section 
January,  1956  -  August,  1957 

Mr.  Bull  has  besn  actire  in  elsctronic  circuit  developissnt , 
instrumentation  systems  and  systsm  cosiponsnt  studies  for  orer  seren  years. 

His  experience  Includes  work  in  the  areas  of  temperature  measurement  and 
control,  telemetering,  medical  electronics,  and  industrial  inspection  dert.ee*. 
Ke  has  darslopsd  a  special  instrasent  for  use  in  alerowar#  spectroscopy 


AMOUl  I(  SUtCM  FOU*0*T'O*  O  f  ■  t  L  <  M  O  '  %  'NS?  i  T  U  T  6  OF  TtC.HMOl.OG7 


IOC  - 
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packaged  crystal  oscillators.  Mr.  Oman  was  tha  project  engineer  of  this 
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and  Master  of  Science  degree  in  Blectrictl  Rr^ineering  from  Illinois 
Institute  of  Technology 


*t«OU»  »l  »-'OUh04T.ON  or  ^  l  -  m  o  ’  S  M  S  f  i  T  u  M  Of  TSCnnOlOGt 


*  ? 


I 

I 


-  101*  - 


IX.  ICO  BOCK  REmOSCSS 


Detailed  laboratory  data  i*  recorded  in  ARE  logbootc  Sos.  Ch8l6 , 
C5531,  and  C5873- 


APPROVED: 


Electrical  Engineering  Research 


Reapactfully  auinittod, 

AJWOOR  RESEARCH  FO'JHDATION 
of  Illinois  Institute  of  Technology 

IT  TJEH - 

Assistant  Engineer 

S.  E.  Omen 
Associate  Englnaer 


f 

»  r 

i  J 

1 

f 

#  « 
i 

* 

1 

1 1 

i 

*  M 

R 

?  1 

.  t  a  O  u  *  ItiulCM  POUNDATiON  O'  LL  NOii  IM11TUTS  OP  T€C*MOLOG* 


-  105  - 


Ik 


APPSXDIX 

I 


DECIGN  DATA  POR  CRYSTAL  OSCILLATOR  CIRCUITS 


PART  A 

SERIES  RE90NAKT  OSCILLATORS 


I 

1 


PART  R 

AMTIRESONANT  OSCILLATORS 


I 

(  » »  *  0  U  •  >i  S  UlCa  tOUKD*’  0»  O’  iin«Oll  HUi'Ull  C  1  OtT 


s 

i 


!i 

( 


l 


ilk. 


appendi*  i 


TABUS  or  CONTENTS 

Page  No. 

PART  A 

SERIES  RESONANT  CHTSTAL  0SC1LIAT0R  CIRCUITS . 1-1 

1.  THE  GROUNDED  GRID  OSCILIATCR  10-7C  me . I-J 

«.  Circuit  Description  .  I-? 

b.  Component  and  Circuit,  Cir.irc'rtion  Details  .  .  .  u-7 

c.  Circuit  Tuning  Procedure . 1-8 

d.  Circuit  Performance  Characteristics . 1-10 

e.  Circuit  Design  Examples  and  Use  of  Curves . 1-15 

f.  Additional  Performance  Characteristics . 1-19 

2.  THE  GROUNDED  GKiu  OSCILLATOR  lr-\c0  me . 1-25 

a.  Circuit  Description . 1-25 

b.  Component  and  Circuit  Construction  Details  .  1-25 

c.  Circuit  Tuning  Prcce'  j-e . 7-2", 

d.  Circuit  Perfor----  r  Tacteri”tics . I--.‘5 

e.  Circuit  Design  Examn.e*  and  Use  of  Curvsr .  I-kO 

f.  Additional  Performanc*  Cvar  .cteristlc* . I-ulu 

3.  THE  CATHODE  COUPLED  OSCILUTO5  10-7C  me .  1-6.1 

a.  'ireuit  Description  . . I-5l 

b.  Comaonent.  and  Circuit  Construction  Petal  ’r . T-65 

c.  Circuit  Tuning  Procedure . I-65 

d.  Circuit  Performance  Characteristic.”  ....  I-65 

e.  Circuit  Design  Examples  and  L‘«e  nf  Curves . I-  12 

f.  Additional  Performance  Characteristics  . 1-  5 

»  i  -  o  J  i  u  lt»H»  •  O  I.  *  !.  >  •  -  .  a  1/  S.  a  i  I  I  I  ..  ’  I  O  I  .  I  C  ..  »  i 

-  1-1  - 


Page  No. 

PUS  C*THODE  COUPLED  OSCILLATOR  lc-lc-0  me . 1-81 

Circuit  neerription . . . 1-81 

b.  Component  and  Circuit  Construction  Details . 1-81 

c.  Circuit  Tuning  Procedure . 1-81 

d.  Circuit  Performance  Characteristics . 1-81 

e.  Circuit  Design  Examples  and  Use  of  Curves . 1-97 

f.  Additional  Performance  Characteristics . 1-99 

Faicr  B 

ANTI RESONANT  CRTSTAL  OSCILLATOR  CIRCUITS . Mil 

1.  COIPITTS  (GROUNDED  PLATE  PIERCE)  OSCILLATOR  CIRCUIT 

0.8-20.0  me . 1-113 

a.  Circuit  Description . 1-113 

b.  Component  and  Circuit  Constriction  Details . 1-115 

c.  Initial  Circuit  Alignment  Procedure  .  1-115 

d.  Circuit  Performance  Characteristics . 1-116 

e.  Circuit  Design  Examples  und  Use  of  Curves . 1-119 

f.  Additional  Performance  Characteristics . 1-127 

2.  ELECTRON  COUPLED  COLPITIS  OSCILLATOR  CIRCUIT  0,6-20.0  me.  .  I-lJl 

a.  Circuit  Description . 1-131 

b.  Component  and  Circuit  Construction  Details . 1-151 

c.  Circuit  Tuning  Procedure . I-1JJ 

d.  cl  roul  t  Performance  Characteristics . 1-133 

e.  Circuit  Design  Considerations . 1-133 

f.  Additional  Performance  Characteristics . 1-1  36 


»BHGU*  .  (  W  a  i 


•  O  u  N  C  A  T  .  O  *  Of  LL-NO'S  ‘M$T|?uTt 


■  SC  HNOlOCl 


I-il 


pMww*«T«pr 


Page  No 


3.  ns  KH.1SR  OPCIIMTOH  cinluIT  O.S-<C.C  , . j-137 

■-A 

«.  Circuit  Description . 1-137 

b.  Component  »r*i  Circuit  Construction  Details . 1-137 

i 

i  c.  Initial  Circuit  Adjustment  and  Tuning  Procedure  .  .  .  .  1-139 

d.  Circuit  Performance  Characteristics . 1-139 


|  i 


; 

I 

» 

> 

1 


f : 
1 


1 

* 

ft 

ft 


I 

I 

1 

1 

I 

I 


A  »  N  O  U  »  ttSSABCM  FOUNDATION  Of  U  l  !  N  O  I  J  i  M  S  7  t  T  u  I  F  OF  )((MNOlO&V 


-  I-iil  - 


Amjrjn  i 


1  LIST  or  iUU5TiUTI0S5 


Figar*  Page  Ho. 

1.  0 ROUNDS!)  GRID  OSCILLATOR  10-75  me .  1-1* 

2.  INDUCTANCE  VS  FREQUENCY  FOR  THE 

GROUNDED  GRID  OSCILLATOR  COILS  10-75  me .  T-5 


3.  typical  ground®  grid  oscilutor  circuit  utout  (75  »c)  .  1-9 

1*.  OUTPUT  VOLTAOE  AND  POWER  VS  FREQUENCY 

POR  THE  GROUND®  GRID  OSCILLATOR  10-75  me .  1-11 


5.  CRIST AL  DRIVE  VS  PSSQUBKT  FOR  THE 

GROUNDED  GRID  OSCIILATOR  10-75  me .  1-12 


I 

•  I 

I 

I 

l 

1  ! 
i 


i 

i 

I 

i 


C.  B*,  CONSTANT  Px  CURVES  POR  THE 

GROUND!!)  GRID  OSCILLATOR  10-75  me  .  . .  I-l» 

7.  OUTPUT,  CONSTANT  Px  CURVES  FOR  THE 

GROUND®  GRID  OSCILLATOR  10-75  me .  I-lI* 

8.  PERFORMANCE  OP  THE  GROUNDED  GRID  OSCILUTOR 

WITH  UNTUNED  CATHODE  CIRCUIT  10-1*0  BO .  1-21* 

9.  GROUND®  GRID  OSCILLATOR  75-150  me.  ,  . .  1-26 

10.  INDUCTANCE  FREQUENCY  FOR  THE 

OROUNDED  GRID  OSCILLATOR  COILS  75-lrO  me .  1-26 

11.  OUTPUT  VOLTAGE  AND  POWER  VS  FREQUENCY' 

POR  THE  OROUIffiS)  GRID  OSCILLATOR  75-150  -o  . .  1-29 

12.  CRYSTAL  DRIVE  VS  PREQUlSfCI  FOR  THE 

GRCUNDSD  GRID  OSCIILATOR  75-150  me .  1-30 

13.  B*,  CONSTANT  Px  CURVES  POR  THE 

GROUNDED  ORID  OSCILUTOR  75-150  me .  1-31 

11*.  OUTPUT,  CONSTANT  r  CuKViS  rvE  THE 

GROUNDED  ORID  OSCILLATOR  75-150  me .  1-32 

15.  NOHMALIZ®  CURVE  POR  COMB  IN®  CHANGE  IN  GRID,  CATHODE 

AND  LOAD  RESISTANCES  FOR  THE  0R0UND®  GRID  OSCILLATOB.  .  I-3I* 

16.  OUTPUT,  g„  CHARACTERISTICS  FOR  THE  GROUND® 


GRID  KAftnSiCE  CSCILUTSR  AT  75  sc  . .  1-36 


AtHOUi  KiUJCH  fOUKDA'lO"  05 


L  1  M  O  1  S  iMUTUH  05  TECHNOLOGY 


I 


I— ▼  - 


Uigurs 


P*ge  Ho 


17.  OUTPUT,  CHARACTERISTICS  POP.  THF  GROUNDED 

GRID  REFTHENCE  OSCILLATOR  AT  10?  me .  1*57 

18.  OUTPUT,  gm  CHARACTERISTIC?  FOR  THE  GROUNDED 

GRIT1  REFERENCE  OSCILLATOR  AT  131"  *e .  I*5B 

19.  OUTPUT,  g*  CHARACTERISTICS  POR  THE  GROUNDED 

GRID  REFERENCE  OSCILLATOR  AT  150  me .  1-39 

20.  EH8QUEHCT-TTXPERATURE  CHARACTERISTICS  10  *nd  30  me  ...  1-46 

21.  EHEQUENC 7 -TEMPERATURE  CHARACTERISTICS  75  me .  1-47 

2  2.  FREQUENCY-TEMPERATURE  CHARACTERISTICS  105  me .  1-46 

23.  FREQUENCY-TEMPERATURE  CHARACTERISTICS  135  me .  1-49 

24.  ERBQUENCT-T EMPERATURE  CHARACTERISTICS  150  me .  1-50 

25.  NORMALIZED  PERFORMANCE  VS  IDAD  RESISTANCE  POR  THE 

OHOUNDED  QRID  OSCILLATOR  10-150  me .  1-55 

26.  NORMALIZED  PERFORMANCE  VS  GRID  RESISTANCE  FOR  THE 

GROUNDED  GRID  OSCILLATOR  10-150  me  .  .....  1-56 

27.  NORMALISED  PERFORMANCE  VS  CATHODE  RESISTANCE  FOR  THE 

GROUNDED  GRID  OSCILLATOR  10-le0  me .  1-57 

28.  NORMALIZED  PERFORMANCE  VS  CRTSTAL  RESISTANCE  FOR  THE 

GROUNDED  OPID  OSCILLATOR  10-150  me .  1-56 

29.  NORMALIZED  "ERFCHHANCE  vs  fe  POR  THE 

ORPUNDED  GRID  OSCIILATOR  10-190  me .  1-59 

30.  CAT, ODE  COUPLED  OSCILLATOR  10-7?  me .  1-68 

31.  INDUCTANCE  VS  FREQUENCE  POR  THE 

CATHODE  COUPLED  OSCILLATOR  COILS  10-79  me .  1-64 

32.  TTPiCAL  CATHODE  COUPLED  0-NO  Tl.UTOR  CIRCUIT  LAYOUT  (7C  me).  1-66 

33.  OUTPUT  VOLTAGE  AND  POWER  VS  FREQUENCY  POR  THE 

CATHODE  COUPLED  OSCILLATOR  10-79  me . 

34.  CRTSTAL  DRIVE  VS  FFSQU3JCT  POR  THE 

CATHODE  COUPLED  OSCILLATOR  10-7 c  ac . .  1-6* 

35.  B*t  CONSTANT  P  CURVES  POR  THE 

CAT  WEE  COUPLED  OSCILLATOR  1C-7C  me .  1-70 

ui  ttUUCH  FOUMD*t-ON  Qt  iu:NOli  :  N  '  *  i  T  U  T  6  Of  ttc«  N0105» 

-  I-Ti  - 


K|»p"i 


t 


t 

: 


i ' 


I 

I 

fl 

I 

I 


Figur*  ®»S»  He. 

36.  OUTPUT,  CONSTANT  fx  CURVES  FOR  THE 

rrriirnt  «wptxd  oscillator  10-7?  k .  1-71 

37.  PERFORMANCE  OF  THE  CATHCDK  COUPLED  OSCILLATOR  WITH 

UNTURED  CATHODE  CIRCUIT  (GROUNDED  GRID  STAGE)  10-75  ac.  .  1-78 

38.  CATHODE  COWLED  OSCILLATOR  75-150  bc .  1-82 

39.  IRDUC  ANCE  7S  *RB5UENCT  tor  the 

CATHODE  COUPLED  OSCILLATOR  COILS .  I-ftU 

ho.  output  toltaoe  ahd  power  vs  frequency  for  the 

CATHODE  COUPUSD  OSCILLATOR  75-150  bc . .  .  1-85 

hi.  CRYSTAL  DRIVE  VS  FRBQUENCT  FOR  THE 

CATHODE  COUPLED  OSCILLATOR  75-150  ac .  1-66 

U2.  B*,  CONSTANT  P,  CURVES  FOR  THE 

CATHODE  COUPLED  OSCILLATOR  7^-190  me .  1-67 

li3.  OUTPUT,  CONSTANT  Tx  CURVES  TOR  THE 

CATHODE  COUPLED  OSCILLATOR  75-150  me . .  .  1-88 

Uii.  NORMALIZED  CURVE  FOR  COMBINED  CHANQE  IN  GRID,  CATHODE  AND 

LOAD  RESISTANCES  TOR  THE  CATHODE  COUPIED  OSCILLATOR  .  .  .  1-90 

U5.  OUTPUT,  g,  CHARACTERISTICS  FOR  THE 

CATHODE  COUPLED  OSCILLATOR  AT  75  me .  1-93 

1*6.  OUTPUT,  Kn  CHARACTERIST ICS  FOR  THE 

CATHODE  CIUPLED  OSCILLATOR  AT  105  me  . .  I-9h 

L7.  OUTPUT.  s_  CHARACTERISTICS  FOR  THE 

CATHODE  CSUPIED  OSCILLATOR  AT  13e  ac .  1-95 

IS.  OUTPUT,  gH  CHARACTERISTICS  FOR  THE 

CATHODE  COUPLED  OSCIILATOR  AT  lc0  me .  1-96 

L9.  NORMALIZED  PERFORMANCE  VS  LOAD  RESISTANCE 

FOR  THE  CATHODE  COUPLED  OSCILLATOR  10-190  me .  1-102 

e0.  NORMALIZED  PERFORMANCE  VS  GROUNDED  GRID-GRID  BIAS  RESISTANCE 

FOR  THE  CATHODE  COUPLED  OSCILLATOR  10-1^0  ne .  1-103 

51.  NORMALIZED  PERFORMANCE  VS  GROUNDED  GRID-CATHODE  BIAS 
RESISTANCE  FOR  THE  CATHODE  COUPLED  OSCILUTOP. 

(DC  COUPLED)  10-150  ac .  I-10ll 


»  S  Si*»CM 


'OUMAtiON  Of-  iLi.:-iOiS  1  N  S  T  i  T  u  T  6  OP  TECHNOLOGY 


I-Tli 


P«g»  Ho 


Fljure 

52.  NORMALIZED  PERFOfiMANCZ  75  QRCUNDED  ORID-CATHODS  BIAS 

RESISTANCE  FOR  7KS  CATIfCEI  C9SPTS1  OSCILLATOR 
(CAPACm  COUPLED)  10-150  nr . ,  .  .  .  1-105 

53,  NORMALIZE)  PERPCKUHCE  V?  CATHODE  FOLLOWER-QUID  BIAS 
RESISTANCE  *t'R  THE  CATHODE  COUPLED  OSCILLATOR  lu-i«0  nc.  1-106 

eli.  NORMALIZED  °ERFOBUNCE  VS  CATHODE  FOLLOWER -CATHODE  BIAS 
RESISTANCE  EOR  THE  CATHODE  COUPLED  OSCILLATOR 
(DC  COUPLED)  10-le0  me .  1-107 

«5.  NORMALIZED  PERFORMANCE  VS  CATHODE  }.  LLCWER-C  ATHODE  BIAS 
RESISTANCE  EOR  THE  CATHODE  CCUPL1D  OSCILLATOR 
(CAPACIT7  COUPLED)  10-150  nc .  1-100 

56.  NORMALIZED  PERFORMANCE  VS  CHTSTAL  RESISTANCE 

TOR  THE  CATHODE  COUPLED  OSCILUTOR  10-150  me .  1-109 

57.  NORMALIZED  PERFC'RKA’.CE  WITH  VARIATION  IN  TUBE 
TRANSCONDUCTANCE  FOP  THE  CATHODE  COUPLED  OSCILLATOR 

IO-IfO  me  ....  . .  1*110 

58.  COLPITTS  OSCILLATOR  0.8-20.0  rac .  I-llU 

59.  PERFORMANCE  CHARACTERISTICS  or  THE  COIrITTS 

OSCILUTOR  0.8-  5.0  me .  1-117 

60.  PERFORMANCE  CHARACTERISTICS  OF  THE  COLPITIS 

OSCILLATOR  3.0-20.0  me .  1-HS 

61.  COLPITTS  OSCI LLATOK  PERFORMANCE  AS  A 

FUNCTION  OF  Rg  AT  10  me .  1-120 

62.  "OLPITTS  OSSILLAT0P.  PERFORMANCE  AS  A 

njNCTION  OF  Rk  AT  10  me .  1-120 

63.  COLPITTS  OSCILLATOR  PERFORMANCE  AS  A 

^UNCTION  OF  R,^  AT  10  me .  1-121 

6li.  COIPITTS  OSCIU.ATOR  PERFORMANCE  AS  A  FUNC-TON 

OF  C^/C^  n.  j.0  ..  . . .  1—121 

66.  CIRCUIT  PERFORMANCE  VS  CAPACITY  P.AT10  C  /C 

FOR  THE  COLPITTS  OSCILLATOR  .  1-122 

66.  COLPITTS  OSCILUTOR  OUTPUT  AND  CKISTAL 

DRIVE  FOR  VARIOUS  TUBE  TYPES  . .  1-123 

67.  FSBiUENCY-TEMPERATURE  CHARACTERISTICS  AT  10  me .  1-129 

66.  ELECTRON  COUPLED  CCLFITTS  OSCILUTOR  0.3-20.0  me  ...  .  1-138 

*  I  .  C  t,'  I  ttS(*»CH  fOUNyt'iO.  OF  i  l  .  WOiS  "  I  T  l  I  U  I  i  OF  TBCMMOLOOF 


***-! 


Figure 


69.  PKFORMANCE  CHARACTERISTICS  of  the 

ELECTRON  COUPLED  COLPITTS  OSCILLATOR  0.8-c.0  me  .  I-13U 

70.  PERFORMANCE  CHARACTERISTICS  OF  THE 

ELECTRON  COUPLED  COLPITTS  OSCILLATOR  3.0-20.0  i»e  ....  1-155 

j  71.  KILLER  OSCILLATOR  0.8-20.0  me .  1-13* 

'  I  72.  PERFORMANCE  CHARACTERISTICS  OF  THE 

KILLER  OSCILLATOR  0.8-<,0  me .  I-lljO 

73.  PERFORMANCE  CHARACTERISTICS  OF  THE 

>  .  MILIER  OSCILLATOR  3.0-20.0  me .  I-H4 

* 


APPENDIX  T 


LIST  or  TABU5S 


rag*  Do. 


GROURDIE  GRID  OSCILLATOR  COIL  DATA  10-7?  ac .  1-6 


STABILITY  CHARACTERISTICS  OR  THE 
GROUNDED  GRID  OSCILLATOR  10-7?  a 


GROUNDED  GRID  OSCILLATOR  COIL  DATA  ??-l?0  ac  .  1-27 


COMPARISON  or  PREDICTED  kttv  MEASURED 

perpowance  or  the  qrcxjrdsd  grid  oscillator 


.  1-55 


STABILITY  CHARACTERISTICS  OP  THE 

ORDURDED  GRID  05CILLATOR  ??-l?0  ac .  I-U5 

VARIATION  OP  HARMONIC  CONTENT  WITH  CHARGES 

IR  PLATE  SUPPLY  VOLTAGE  TOR  THE  GROURDED  GRID 

AND  CATHODE  COUPLED  REFERENCE  OSCILLATORS .  1-5? 

VARIATION  OP  HARMONIC  CONTENT'  WITH  CHANGES 
IR  CRYSTAL  RESISTANCE  FOR  THE  jBDURDKD  ORID 

ARD  CATHODE  COUPIED  RSPERIWCE  OSCILLATORS .  1-55 


VARIATION  OF  HARMONIC  CONTENT  WITH  CHARGES 
IR  CRYSTAL  SU FKT ITLTIOR  RESISTORS  IN  THE 

GROUNDED  GRID  ARC  CATHODE  COUPLED  OSCILLATORS . I-5L 


CATHODE  COUPLED  OSCILLATO®  COIL  DATA  10-75 


STABILITY  CHARACTERISTICS  OP  THE 
CATHODE  COUPLED  OSCILLATOR  10-75 


CATHODE  COUPLED  OSCILLATOR  COIL  DATA  7?-l?0 


COMPARISON  or  PREDICTED  AND  MEASURED 

rssroHusct  or  the  cathode  coupled  oscillator  circuit  .  .  i-9i 

STABILITY  CHARACTERISTICS  OP  THE 

CATHODE  COUPLED  OSCILLATOR  7?-l?0  bc . 1-100 


>  #  m  O  u  ►  «(  5UIC 


<0l  i  iN*TlTuTfc  Of  IlCNNOlOC 


f 

^  sgtrta 

I 

I 

I 

I 

I 

r 

I 

I 

! 

I 

i 


r 

f 


V  n  o  '  S  ■  n  S  T  I  1  o  T  t  Of  1  C  C  H  K  O  L  O  &  I 


1-1 


1.  THi  CBOOHUD  (RID  OSCILUTCR  -  10.75  me 

a.  Circuit  Description 

The  circuit  dlagraa  of  the  Grounded  arid  oscillator  reeowmnded  for 
u*e  in  the  10  to  75  me  frequency  range  is  ainm  in  F  ig.  1*  Coil  .alusc  and 
general  characteristic*  for  this  circuit  are  shorn  in  Fig.  2.  Winding  data 
at  specific  frequencies  is  given  in  Table  I.  These  are  typical  values  used 
at  the  test  frequencies.  Tha  inset  graph  of  Fig.  1  shoes  the  values  of  the 
feedback  capaclt  r  Zf,  which  are  required  at  the  Indicated  frequencies  through¬ 
out  the  range.  The  porpoee  of  this  capacitor  is  to  tuns  out  the  series  leakage 
inductance  of  the  plate  tank  coll,  Lp,  and  provido  isolation  of  the  crystal  from 
Be.  For  operation  over  a  band  of  frequencies  a  single  valuv  eay  be  used.  Fre¬ 
quency  correlation  figure*  will  be  affected  and  -,h*  choice  vuat  be  made  with 
this  in  Kind.  A  value  at  the  center  of  the  operating  .and  is  recommended . 

Tbs  ree  aw  winded  oscillator  circuit,  to  which  all  performance  and 
design  date  is  referred,  has  the  following  component  and  circuit  parameter 
values : 

R^  «  10K  ohee  (grid  bias  resistor) 

Ry  •  200  ohms  (cathode  bias  r  isistor) 

•  $000  ohea  (plate  load  resistance) 

R  -  25  ohms  (series  reaonant  crystal  resistance) 

The  tube  type  is  a  5670  miniature  dual  triads  with  a  nominal  g>  of  5500 
sicronhos.  The  rsc  wpu»*  end  daraunUra  component  value*  a re  as 

shown  in  Fig.  1.  Thl*  configuration  may  be  altered,  however,  where  required 
In  a  specific  application.  Tha  important  point  is  that  adequate  decoup] 
and  bypassing  b*  maintained. 

It  should  bs  noted  that  for  operation  bel cw  1,0  me,  1^,  which  at 
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HOTKi  Tha  indicated  coil  types  for  Ljc  and  Lp  »r«  Casbridge  Thermionic 

Corp.  forma.  155-  is  3/8"  O.D.,  1.063"  long.  LS6-  is  0.26"  O.D., 
27/32*  long.  The  suffix  designates  the  core  formulation.  CL-l 
is  an  International  Radio  Corp.  molded  coll.  *  designates  a  aica 
base  form,  3/16"  O.D.,  3/U"  long.  1*  (at  60  bo)  if  wound  or.  a  2K, 

1  watt  carbon  composition  resistor.  At  75  mo,  a  1/2  w*tt  resistor 
is  ured.  The  tap  on  Lp  is  measured  from  the  ground  end. 

The  inductance  and  Q  of  all  coils  were  ■  assured  at  their  respective 
frequencies  or,  a  Boonton  Radio  Corp.  Q  Meter,  Model  16QA. 


TAB  IS  I  -  OROWOB)  CRIP  OSCILLATOR  Cull  SATA 

10  -  75  me 


A  0  M  O  J  * 


I  U  U  I  C  M  c  O  U  H  0  A  T  i  o  H  Of 


no‘S  nst  i  un  of  ucHNOiC-d 


T->h  - 


higher  frequencies  ia  used  to  cancel  the  crystal  ahunt  capacitance.  C^,  is 
not  required.  However,  it  is  necessary  to  include  Lgj,  tha  series  feedback 
coil,  for  proper  mqucr^y  uc? relation  -nd  circuit  operation*  TV  a  coll  is 
not  used  at  frequencies  above  liO  ec  * 

b .  Caaponsrrt.  and  Circuit  Cons  tructlon  Data  lie 
The  reeneaended  components  are  generally  standard,  cnnwerc tally 
available  types.  This  is  true  of  all  the  circuits  for  which  design  dsta  is 
presented,  except  where  noted  in  the  appropriate  discussion.  He  e  1st  ore  are 
standard  one-half  wait  carbon  composition  types.  Generally,  all  capacitors 
ara  disc  or  tubular  ceramics.  However,  in  soate  cases,  stand-off  or  feed-thru 
ceramics  may  be  used  to  advantage .  In  those  cases  where  variable  or  high 
ambient  temperatures  are  encountered  it  is  suggested  that  small  silver  mica 
capacitors  be  used  in  all  bypass,  decoupling,  and  filter  network* .  Thesw 
c  aped  tors  are  available  in  standard  sites,  and  in  addition,  can  now  be  ob¬ 
tained  in  "button*  shapes  with  various  mounting  forms. 

Tuning  coils,  such  as  and  lp,  and  spmclal  coils,  such  as  and 
lgf,  are  completely  specified  in  the  coil  winding  data  tables  and  curvwe. 
Decoupling  and  filter  colls  are  miniature  molded  types.  However,  ^here  space 
requirements  are  stringent,  special  manufacture  or  hand  wound  coils  may  u* 
necessary.  It  is  not  necessary  that  the  coils  have  the  exact  physical  con¬ 
figuration  shown  in  the  ec  comparting  data.  However,  inductance  values  suet 
be  chosen  to  resonate  with  the  actual  circuit  cap  dty  raises  and  aust  hsvm 
0's  in  the  range  of  $0  to  100.  The  tabulated  information  is  included  to  eerve 
aa  a  guide  in  selecting  initial  val-es.  Since  Is  In  i  low  lsgjedanee  point 
of  the  circuit,  a  fixed  coil  stay  be  used  if  tne  operating  frequency  range  is 
not  too  broad.  In  moat  cases  a  range  of  15  to  ?0  percent  cm  either  aide  of 
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the  center  frequency  may  be  covered  by  i  fixed  i  oJJ.. 

Standard  shield  base  ncval  tube  socket*  or*  u»*d.  In  order  to 
minimis#  the  undesirable  effects  of  lead  Inductance  and  stray  wiring  capaci¬ 
tance,  the  physical  layout  of  the  circuit  Bust  be  carefully  designed.  This 
uee  of  the  tube  centerpoet  ae  the  major  grounding  point  is  advisable. 

The  constructional  detail*  of  the  performance  teat  circuit*  may  be 
seen  in  Fig.  3-  The  photograph  shows  the  layout  of  a  typical  75  me  Orounded 


Fig.  1.  Note  that  Is  a  fixed  inductance,  es  Is  which  is  located  beneath 
the  crystal  socket, 

c .  Circuit  Tuning  Procedure 

Initial  tuning  adjustments  are  as  follows,  I.  is  wired  across  the 
crystal  socket  terminals  and  all  other  connections  to  this  sockot  are  removed, 
llth  the  crystal  plugged  Into  the  socket,  the  coll  Is  adjusted  to  resonate  with 
Cq  at  the  crystal  frequency.  This  may  be  accomplished  with  a  grid  dip  meter 
(Nee  sure  went*  Corp.  Modal  58  Megacycle  Meter,  for  exawple).  The  correct  value 
of  Inductance  la  Indicated  when  the  dip  coincides  with  the  activity  peak  of 
the  crystal  unit,  altiaougii  blue  edjueiaaenb  is  not  critical,  mnen  nas  Dean 
tuned,  the  crystal  le  removed  from  the  socket  and  one  side  of  la  opened, 
ill  other  normal  connections  are  wired  to  the  crystal  socket  and  filament 
power  is  applied  to  the  tube.  The  plate  supply  voltage  is  left  off.  is 
then  toned  by  use  of  a  grid  dip  meter  to  the  nominal  crystal  frequency,  fn< 

At  this  point,  Lp  may  be  approximately  tuned  by  the  same  proc#du-e .  The  plete 
coil  tap  poi..t,  of  mhieh  nominal  values  are  listed  in  Table  T,  was  chosen, 
for  those  circuits,  to  provide  good  outout  to  crystal  drive  ratios.  The  coll 
tap  point  is  not  varied  as  a  circuit  parameter  since  changes  from  the  chosen 
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value  result  in  decreased  power  ratios  or  poor  amplitude  stability.  If  tha 
tap  point  Is  too  close  to  the  ac  ground  end  of  the  coll,  oscillations  will 
not  be  obtained.  If  the  tap  point  is  too  high,  large  crystal  dr  It*  lerels 
and  low  power  ratios  of  power  output  to  drive  are  obtained.  The  operating 
point  la  choaan  in  this  range,  waiting  aur*  that  the  point  la  sufficiently  high 
to  obtain  oeclllation  at  all  vtlv.es  of  plate  supply  voltage.  la  rewired 
on  the  crystal  sockat  and  with  the  crystal  In  pi ace ,  tha  plate  supply  voltage 

le  spoiled.  L  ie  now  adjusted  for  aarlwmi  output  voltage  and  tha  procedure 

v 

la  cowfleta.  The  tuning  indication  way  be  obtained  by  direct  ae taring  of  the 
output  voltage  or  by  adjusting  the  circuit  for  a  maximum  grid  current  or  grid 
bias  voltage.  The  difference  In  output  and  crystal  drive  resulting  from 
either  tuning  method  Is  negligible.  Hosever,  the  frequency  Is  higher  when 
the  bias  is  used  for  tuning  Indication  but  la  within  threw  parta  per  will Ion 
of  that  obtained  by  tuning  to  peak  output. 

d .  Circuit  Verforaance  Charucterlstlca 

Curves  of  output  voltage  and  power,  and  crystal  drive  versus  fre- 
qusncy  of  operation  are  shown  in  f  igs,  b  and  5,  respectively.  In  addition, 
curve  a  of  required  values  of  Be  and  the  resultant  output  for  constant  values 
of  crystal  drive  over  the  frequency  range  are  p-e  ented  in  Figs.  6  and  7, 
raepactlvely.  These  graplis  depict  performance  of  a  circuit  having  coupon*  rrt, 
values  aa  Indicated  In  fig.  1.  Tha  performance  'lgurea  obtained  frow  changes 
In  r-o»ir»on*nt  valua  are  normal  lied  with  respect  to  the  rocoweendeai  circuit 
figures.  The  resulting  norwallied  graphs  are  shown  in  Figs.  25  through  29, 
on  fold-out  pages  55  through  59  •  These  graphs  show  output  voltage,  output 
power,  and  crystal  drivu  level  as  a  function  of  the  values  of  R^,  R^,  R^,  R^, 
arid  g^,  respectively. 
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FIG  4  — OUTPUT  VOLTAGE  AND  POWER  VS  FREQUENCY 
FOR  THE  GROUNDED  GRID  OSCILLATOR 
10-75  MC 
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It  1«  possible  to  operate  the  circuit  over  a  band  of  frequencies 
without  r*  toning  tha  cathode  coil,  if  the  frequency  of  operation  is  within 
*20  percent  of  the  rucad-tuned  frequency  of  ths  cathode  coil,  ths  output  win 
rary  less  than  1?  pereant  and  the  frequency  correlation  figur  sr*ll  be  within 
15  ppm  from  the  cathode  coil  center  frequency  values.  Crysi  '  voltage  corre¬ 
lation  cannot  be  obtained  since  the  crystal  is  not  operated  at  the  eerie* 
resonant  frequency.  As  a  result,  power  dissipation  figures  are  not  easily 
determined,  but  lie  in  the  range  of  values  indicated  in  Fig.  5. 

In  order  to  utilise  these  curves  for  design  of  the  Grounded  Orid 
oscillator  in  the  desired  frequency  range,  examples  are  shown  belo*. 

e.  Circuit  Design  Examples  and  Use  of  Curves 

The  circuit  as  shown  in  Fig.  i  has  been  found  to  jvovi-d®  the  most 
satisfactory  performance  throughout  the  frequency  range  and  e  recommended  for 
the  majority  of  applications.  In  fact  this  circuit  should  be  used  without 
modification  wherever  possible.  In  seem  equipment  designs  the  available  supply 
voltage  may  not  allow  this  circuit  to  operate  to  its  full  capability.  In  such 
cases  design  changes  may  be  accomplished  as  shown  in  the  later  examples, 
fwrfcrreance  graphs  for  the  recommended  circuit  are  accurate  to  within  ten 
percent.  The  design  graphs  yield  prediction  accuracies  of  output,  with  chei  ges 
in  apy  one  component,  in  the  order  of  10  to  15  percent.  For  simultaneous 
chaingea  in  R^,  R^,  and  R^,  the  average  of  tested  cases  has  resulted  In  accu¬ 
racies  of  20  to  25  percent.  Here  than  two-thirds  of  these  cases  showed 
accuracier  batter  than  this  figure.  Crystal  drive  voltage  measurements,  made 
with  the  asaumption  of  raaistlvw  operation  of  the  crystal,  revealed  prodiction 
accuracies  in  the  order  of  25  tc  30  percent. 
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It  1*  recommended  that  ihirtwr  foul  bit  tbs  output  coupling  be 
rdjuatsd  to  provide  un  effective  load  reslstanoe  of  5000  ohaa  to  ths  oscil¬ 
lator  at  tha  frequency  of  op*  rati  on.  Whan  this  la  not  dona  rtf  trance  aust 
ba  aada  to  tha  ticrmellied  load  rsalatanoa  graph  of  Pig.  25.  Pi  fort  28,  uhlch 
ahoaa  tha  affacta  on  perfonaanee  at  variations  in  crystal  raclstanoa  values, 
can  ba  used  to  lndieate  tha  perfcraance  than  a  crystal  of  apaelfle  resistance 
la  used  or  to  ahov  tha  range  of  pcrforataaoa  of  typical  crystals  for  tha 
Grounded  Grin  circuit  at  10  to  75  — «  Psrfqraenee  la  referenced  to  a  erystaCL 
resistance  of  25  ohm.  Rtonttaanded  military  crystal  types  which  can  ba  used 
in  this  application  are  CR-19/D,  CR-2U/J,  01-28/0,  CR-32/U,  CR-35/0,  CS-52/0, 
CR-5li/U,  CR-55/0,  and  CR-56/0.  Reference  should  be  mads  to  *KIL-C-'098B 
Crystal  Units,  Quart!*  for  specific  crystal  Information  such  as  maximum 
resistanoa  Halts,  physical  configuration,  and  frequency  rang#. 

Ons  of  the  chief  Talus  a  of  tin  design  ssthod  presented  here  is  in 
ths  prediction  of  aoelllatur  perf ormenoe  of  a  given  design,  it  spsclflsd 
frequency  and  plats  supply  voltage  values,  performance  of  the  reccsassnded 
circuit  Is  determined  from  Tift,  u  eixi  5.  If  the  output  end  drive  level 
values  are  other  than  the**  desired,  reference  is  sad*  to  Pigs.  6  and  7  and/or 
the  normalised  curves  to  lo  term  as  union  circuit  pmi-Meb*.  imj  be  chisgci 
prodwo*  the  necessary  results.  Any  parameter  that  euat  remain  fixed  would 
eliminate  the  use  a t  its  corresponding  performance  curve. 

Tha  normal  1  led  circuit  cmpourev  or  parfcrsance  factors  are  chtetned 
by  dividing  tha  deeired  or  neceiaary  perseeter  value  by  ths  recomended  cir¬ 
cuit  value  and  the  result  applied  to  tha  appropriate  curves.  For  example,  t..» 

reference  load  reslstanoe  ia  5000  ohms,  and  if  the  desired  loed  is  to  be  hSOO 

1 

ohme,  the  normalises!  load  factor,  Rj^,  ia  than  1)500/5000,  or  0,9.  Similar',  v, 
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If  the  ref ersnce  circuit  output  voltage  is  known,  or  found,  to  be  B.!j  volte, 

i 

and  an  output  of  13.0  volts  is  dseired,  then  the  normalised  output  factor  N  , 
is  ,  or  1.55.  Normalised  component  factors  are  identified  by  the 

f  I 

aubacrlpt,  on  N  ,  which  indicates  tha  component  being  used,  such  as  K^, 

I 

*\lg,  ate.,  tha  norw'lised  factors  with  changes  in  R^,  R  ,  etc.  Nonoaliaed 

i 

performance  factors,  H  ,  for  output  voltage,  output  power,  and/or  crystal 
dries  have  no  subscripts.  However,  these  factors  are  individually  Identified, 

I 

to  avoid  confusion,  by  the  statement,  "N  for  output  voltage,"  etc.,  es  used 
throughout  th«  following  text.  Rscoanended  circuit  coapo ant  or  paremetsr 
values  given  in  this  manual  should  be  followed,  wherever  possible,  since  the 
recommended  circuit  le  optimum  for  typical  application. 

To  illustrate  the  use  of  the  design  graphs,  ths  following  example 

is  given! 

Assume  an  oscillator  is  to  be  designed  having  ths  following  circuit 

and  performance  requirements! 

f  -  60  me 
n 

Be  -  100  volts 
Rj_  »  I4OOO  ohsm 

P  *  2.0  ms  (determined  from  HIL-C -3098b  for 
particular  crystal  type) 

Referring  to  Fig.  It,  it  can  be  eeen  that  at  a  frequency  of  60  me  and  a  B* 

«f  100  tvIm,  tbs  rsec=csdcd  circuit  h»«  »n  output  of  approximately  17.5 
volts  rwm.  The  crystal  drive,  determined  from  Fig.  5,  is  l.b  *w.  At  the 
required  load  of  hOOO  ohms,  reforence  to  Fig.  25  shows  that  for  N^  -  U000/500O 
-  0.8,  the  noraaliaed  output  and  cryetal  drive  factors,  *  ,  are  0,07.  each, 
where  5000  otwm  ie  the  reference  circuit  load  reeistance.  This  msans  that  at 
the  required  load,  the  output  will  be  17. 5  x  0.07  -  15.2  volts  and  the  drive 
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•Ill  be  1 . U  x  0.3?  *  1.2  mw.  Slncj  tha  nominal  slidable  drive  la  2.0  mw, 
it  zzy  be  deslreble  t-o  inr^st-ig*!-4?  ■■t-nooii  of  i nr.ruaaimr  ar^ilrbl*  output  and 
taking  advantage  of  the  drive  limit.  This  may  be  dona  in  several  r»va.  Three 
Methods  will  be  shown  here. 


Tha  first  Method  depends  on  the  variability  of  the  B*.  If  the  plate 
supply  voltage  can  be  changed,  then  Pigs.  6,  7  and  2 5  will  be  used  to  determine 
performance.  For  a  drive  of  2.0  mw,  it  can  be  seen  from  Fig.  6,  that  the  B* 
must  be  115  volte  for  a  60  me  oscillator .  Prom  Pig.  7,  it  Is  determined  that 
the  output  voltage  Is  20.5  volte  for  this  level  of  drive.  This  is  for  the 
reference  circuit.  In  order  to  account  for  the  lower  load  of  hOOO  ohms, 

«  i 

•  0.8,  and  N  •  0.87,  aa  shown  in  the  original  example.  Since  operation 

at  liOOO  ohms  load  reduces  the  drive  by  0.87,  a  B*  value  must  be  chosen  which 

would  drive  the  reference  circuit  at  2.0/0.87  -  2,30  mw.  This  occurs  at 

Be  •  123  volte,  approximately.  Under  these  conditlona,  the  output  is  22.5  volts. 

However,  tha  output  at  a  load  of  I4OOO  ohms  would  bo  22.5  x  0.87  *  19.6  volts. 

For  the  second  iwsthod,  consider  Pig.  26,  which  shows  the  normal i*ed 

performance  variations  with  changes  in  R  .  As  the  value  of  the  grid  bias 

K 

resistor  Is  wads  smaller  both  ?z  and  aQ  increase.  Since,  at  the  required 
value  of  load  P^  •  1.2  as  aa  determined  above,  it  is  desirable  to  lower  the 

t 

value  of  R  to  Increase  tha  drive  to  2.0  aa.  The  factor,  H  ,  is  then 

K 

I  » 

2. 0/1. 2  -  1.66,  for  P^.  Then,  -  0,5,  for  which,  R  tor  eQ  la  1.07.  This 

<0  % 

msans  that  a  grid  bias  resistor  of  10,000  ohms  (reference  circuit  value;  times 

(*0.5),  or  5000  ohms,  is  the  necessary  value,  and  the  drive  will  be  2.0  aw, 

K 

at  an  output  of  15.2  x  1.07  •  16.3  TOlts. 

The  third  eethod  uses  tha  Information  founi  in  Pig.  27,  which  shows 
the  nonaaliaed  variation  of  performance  with  changes  in  R^,  the  cathode  bias 
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I  t 

rssirtor.  The  drive  i*  multiplied  by  the  factor  N  -  1.66  at.  N_  - 

k 

tha  reference  circuit  value,  or  100  otam.  The  output  Increases  to  1.1  tines 
the  reference  circuit  value,  or  16.7  volts,  which  la  slightly  wore  than  that 
obtained  by  changing  R^. 

The  largest  output  in  this  ease  la  obtained  by  changing  Be  to  obtain 
the  2.0  an  drive  level.  This  will  be  true  in  noet  caaes.  Similar  methods  may 
be  applied  in  thoe#  cases  share  fixed  output  voltage  or  power  is  required. 

The  two  remaining  graphs  of  Figs.  28  and  29  show  performance  vari¬ 
ations  with  crystal  resistance  and  tube  transconductance.  However,  little 
control  can  be  held  over  these  parameters  unless  lengthy,  selective  teste  are 
made.  Nevertheless,  the  graphd  arc  included  to  Indicate  their  effect  on  cir¬ 
cuit  performance.  It  can  be  seen  that  a  100  percent  Increase  in  cryctal 
resistance  Increases  the  drive  and  lowers  the  output  voltage  by  only  eight 
percent  each.  For  a  ten  percent  decrease  in  g^,  the  output  voltage  decreases 
to  nearly  one-half  and  the  drive  to  about  three -fourtna  the  original  values. 

The  graph  indicates  perfomir.ee  ahen  'ising  a  type  5670  tube.  The  use  of 
different,  tube  types  having  approximately  the  earns  range  of  g^  values  can  be 
evaluated  by  this  graph  also,  but-  might  necessitate  an  adjustment  in  eetiaaowe 
of  circuit  stray  capacitance  and  other  operating  characteristics. 

f .  Additional  Performance  Charsctarletlce 

Several  additional  oscillator  performance  characteristics  hove  been 
u» tarsi ;iid  and  arc  presented  here.  The  fir*t  of  these  is  the  stability  charac¬ 
teristics  of  the  Grounded  (kid  osclllstor  in  tbs  frequency  range  of  10  to  75  me. 
Table  II  shows  the  figure*  for  stability  with  charges  in  8*  and  filament 
voltage.  The  correlation  figure  Is  also  given  f  t  a  range  of  crystal  resist¬ 
ance  and  B*  values.  Three  crystals  operating  at  each  of  three  frequencies, 
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10,  30,  and  75  we,  arc  shown,  if ^  Is  ths  correlation  figure,  and  is  defined 
s*  the  dlffarsnce  butwsen  ths  oscillator  operating  frequency  and  the  series 
resonant  frequency  of  the  crystal  as*  d  » ter mined  by  measurement  in  ths 
TS-683/TSh  Cl  ester  at  2.0  as  drive.  This  figxre  is  given  in  parts  per  will  ion 
(ppm)  of  the  nominal  crystal  frequency.  In  the  10  to  I4O  nc  range,  is 
requireo  to  maintain  acceptable  correlation  figures.  Affe  is  defined  as  the 
difference  between  ths  oscillator  operating  frequency  and  the  frequency 
obtained  when  the  plate  supply  voltage  is  varied  vlO  percent  froe  a  fixed 
value.  Since  the  difference  between  the  frequency  readings  at  elO  and  -10 
percent  la  genarally  less  than  0.1  ppa,  only  one  value  is  given.  This  figure 
is  also  expressed  in  ppa  of  the  nixainal  crystal  frequency,  Af^  is  similar  to 
Af^,  where  the  filament  voltage  is  varied  *10  percent. 

An  important  performance  characteristic  is  that  of  frequency  variation 
with  temperature.  Crystal  unit  specifications  for  this  frequency  range,  call 
for  a  maximum  deviation  from  the  mmlnal  frequency  of  50  ppm  throughout  the 
temperature  range  of  -55*0  to  *90*0.  However,  typical  changes  from  the  mean 
frequency  values  encountered  for  these  units  are  between  15  to  25  ppei. 
Temperature  coefficients  of  circuit  component  parts  will  cause  the  operating 
frequency  to  deviate  further.  Circuit  temperature-frequency  variations  are 
less  than  25  ppw  and  together  with  the  maximum  crystal  unit  deviation,  aswunto 
to  leas  than  75  ppm.  Inclusion  of  variations  due  to  ten  percent  Be  and  fila¬ 
ment  voltage  changes  raises  this  flgurs  to  a  maximum  of  85  ppm.  However, 
use  of  typical  crystals  yields  a  value  of  less  than  60  ppw.  Of  course,  the 
total  frequency  deviation  may  be  substantially  reduced  by  use  of  crystal  ovens, 
(which  decrease  crystal  frequency  deviations  from  a  maximum  value  of  50  dps 
to  approximH tely  10  p  a) ,  temperature-compensated  components  and  temperature 
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atabiliilng  circuit  enclosures.  Curves  of  frequency-temperature  variations 
are  found  in  Fig9«  20  through  2b,  for  both  the  Grounded  Grid  and  Cathode 
Coupled  oscillator*  operating  at  frequencies  of  10,  30,  75,  105,  135,  and 
150  >c,  Tha  graph*  §how  tha  variation*  in  frequency  of  tha  crystal  alone 
and  for  each  circuit.  Typical  variation*  ara  a bean  for  two  cryatala  at  each 
of  tha  frequencies  in  tha  rang*  75  to  150  ac. 

A  third  performance  eharactarlatlc  la  that  of  haraonie  contant  in 
tha  output  of  tha  oscillator  ctreiiit*.  Coananta  on  thi*  charactarlstlc  ara 
found  in  tha  final  paragraph  of  Part  A.2.f.(  and  dataila  ara  found  in  Tablas 
VI  through  VIII. 

It  may  ba  daalrabla,  in  some  casaa,  to  utilise  tha  circuit  with  an 
untuned  cathoda.  Although  the  use  of  a  tuned  cathode  coil  provides  higher 
oscillator  output  voltages,  tha  advantages  of  tha  untuned  case  are  the  elimi¬ 
nation  Of  the  part  Itself,  a  simpler  tuning  procedure,  and  broad  band,  rather 
than  fired,  frequency  operation.  Information  on  tha  Grounded  Orid  oscillator 
operating  with  an  untuned  cathode  circuit  is  therefore  presented.  In  general, 
some  component  changes  are  necessary  in  the  reference  circuit.  Typical  values 
for  the  ranges  10  to  20  and  20  to  1-0  ac  are  listed  below,  where  resistance  is 
in  ohms  and  capacitance  la  in  weTd.  All  other  components  remain  the  same  a* 
in  the  reference  circuit.  It  should  be  noted  that  for  this  application,  1^, 

1*  not  used. 

^7*  ^  P  ahem  a 

Component  10  to  20  me  20  to  U0  me 

Rk  330  330 

C  liTO  !j0 
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Operation  beyond  l»0  me  la  vary  poor  and  It  la  not  adrieable  to  aliairate  tha 
cathode  coll  in  that  frequency  ran** , 

Performance  coma  for  thla  application  of  tha  OrouMod  Or  Id  oac  Il¬ 
ia  tor  ara  ahoan  In  Fig.  8.  Although  frequency  corralation  la  reaaonabla, 
prorlded  the  component  raluaa  suggested  abore  are  used,  stability  la  poor  and 
becomes  worse  with  Increasing  frequency  of  operation. 


crystal  drive,  milliwatts 


FIG.  8 —  PERFORMANCE  OF  THE  GROUNDED  GRID  OSCILLATOR 
WITH  UNTUNED  CATHODE  CIRCUIT 


10  -  40  MC 


2.  tie  atoumro  cam  oscillatcr  -  75-150  mc 


- - - - 

Tm  circuit  diagram  nf  the  Grounded  Qrid  oscillator  recommended  for 
uew  in  ths  75  to  150  ac  frequency  rang*  is  shown  in  '1r.  9.  Coil  winding 
data  la  presented  in  Table  III  and  Fig.  10. 

The  oscillator  circuit  has  the  component  and  circuit  parameter 
values  given  in  Part  i.l.a.,  except  for  the  reference  value  of  R  which  is 
51  ohae  for  this  frequency  range. 

b.  Component  and  Circuit  Construction  Details 

In  general,  the  discussion  of  components  and  circuit  details  given 
in  Part  A.l.b.  applies  here.  However,  greater  cere  must  be  given  to  lead 
dreea,  grounding,  and  parte  placement  at  these  higher  frequencies. 

c.  Circuit  Tuning  Procedure 

See  Part  A.l.c. 

d .  Circuit  Perf orraance  Characteristics 

Curves  of  output  voltage  and  power,  and  crystal  drive  versus  fre¬ 
quency  of  operation,  are  shown  in  figs.  11  and  IP,  respectively.  In  addition, 
curves  of  required  values  of  9*  and  the  resultant  output  for  constant  values 
of  crystal  drive  ovor  ths  frequency  range  are  presented  in  Figs.  13  and  -L, 
respectively.  The  graphs  depict  performance  of  a  circuit  Kwl/ig  component 
values  Indicated  in  Fig.  9.  The  performance  figures  obtained  frem  cnangos 
in  component  value  are  normallied  with  respect  to  the  rsconvaended  circuit 
figures.  The  resulting  normallied  graphs  are  eomon  to  the  entire  10  to  150 
mc  frequency  range  and  ire  shown  in  Figs.  ?5  through  ?9,  on  fold-out  pages 
55  through  59.  These  graphs  show  output  voltage,  output  power,  and  crystal 
drive  level  as  a  function  of  the  values  of  r^,  R^,  R^,  and  g^,  respectively. 
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GROUNDED  GRID  OSCILLATOR 
75  -  150  MC 
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MQT>»  Lj  in  wound  on  *  21,  lJ 2  ntt  carbon  composition  resistor.  The 

indicated  coil  types  for  I4  and  Ip  are  Cambridge  Theraionic  Corp. 
forms,  0.26"  O.D.,  2  7/32"  long.  LS6-  is  the  part  n\ssber  specify¬ 
ing  the  coil  fora  type  and  alia.  The  suffix  designates  the  core 


The  tap  on  Ip  is  measured  from  the  ground  end  of  the  coil. 

The  inductance  and  Q  of  all  rijrwlal  .olla,  Ig,  were  mwasurwu  ai 
50  ac  on  a  Boooton  Radio  Corp,  Q  Meter,  Model  16QA.  The  inductance 
and  Q  of  and  were  aeasured  at  their  operating  frequencies  on  a 
Boonton  Radio  Corp.  Q  Meter,  Model  17QA. 


TABLE  H  -  GR013TCC  GRID  OSCILLATOR  COIL  DATA 

75  -  150  ac 
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FIG  — INDUCTANCE  VS  FREQUENCY  FOR  THE 
GROUNDED  GRID  OSCILLATOR  COILS 
75  -150  MC 
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OUTPUT  -  VOLTS  RMS 


Figor*  15  combines  the  sffect  on  output  of  increasing  or  decreasing 


K^,  S^,  and  simultaneously  »r«d  by  the  sum  percent**#.  This  figure  li 
obtained  by  taking  the  product  of  tie  average  output  factor*,  represented  by 
tha  curve*  In  Figs.  25,  26,  and  27,  resulting  froai  tha  aaaa  percentage  of 
raalrtanca  change  for  each  of  R^,  R  ,  am  1^. 

Tha  graph  affords  a  check  on  tha  reliability  of  the  design  data  for 
a  aide  rang*  of  operating  conditions.  If,  for  example ,  these  three  components 
are  each  increased  by  a  factor  of  2.0  oyer  the  reference  value,  it  can  bu  seen 
from  tha  graph  that  the  output  decreases  to  95  percent  of  the  reference  output. 

r.icu1 ts  of  circuit  asasurenents  to  check  this  are  shown  in  Table  IV. 
Here,  two  resistance  factor  Tiluas,  0.65  and  1.66,  were  used.  This  as  ana  that 
Rj_,  Rg,  and  values  in  tha  new  circuit  are  the  stated  percentages  of  the 
reference  circuit  relues.  Frow  Fig.  15,  the  correepondiiy  output  factors, 
ere  0.85  and  0.98,  respectively.  A  circuit  eea  constructed  whose  com¬ 
ponents  corresponded  to  these  values  and  output  tss:  saasured  at  four  levels 
of  suoply  voltage.  These  output  measurements  are  tabulated  in  the  column 
headed  **0".  The  theoretical  changes  are  listed  under  tt«>  coli.  Ji  headed 

tit  i 

*H  •  •  where  eQ  is  the  reference  circuit  output  and  N  is  the  output  factor 
resulting  from  the  use  of  the  Information  in  Fig.  15. 

The  effect  on  output  voltage  resulting  from  the  use  of  different 
tub*  type*  and  having  a  rang*  of  values  of  g^  is  shown  in  Figs.  16  through 
19,  inclusive,  where  the  frequencies  of  operation  ware  75,  105,  135,  and  150, 
respectively.  Sach  graph  represents  the  output  obtained  from  the  reference 
circuit  using  a  6AJl>,  a  6ABI1  elnleture  trlode,  and  a  single  ssctlon  of  a 
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FIG.  15 — NORMALISED  CURVE  FOR  COMBINED  CHANGE  IN  GRID, 
CATHODE  AND  LOAD  RESISTANCE?  FOR  GROUNDED 
GRID  OSCILLATORS. 


I -31*  - 


SUPPLY  VOLTAGE,  VOLTS 


OUTPUT,  gm  CHARACTERISTICS  FOR  THE  GROUNDED 
GRID  REFERENCE  OSCILLATOR  AT  ;05  MC . 
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FIG.  18 - OUTPUT,  gm  CHARACTERISTICS  FOR  THE  GROUNDED 

GRID  REFERENCE  OSCILLATOR  AT  135  MC. 
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56,0  mlniatwe  dual  triode .  Thrae  uAJli  tubes,  haring  different  values 
g^,  wefw  BMu,  Ths  reference  circuit  component  tube  Is  •  5670  haring  a 
measured  g_  of  5300  aicromhoa.  All  values  of  -  were  determined  with  a 
Hlckok  Model  533  Mutual  Tranaeonductanee  Tester  under  standard  test  conditions . 

Of  comparing  the  range  of  output  roltages  srailable  at  various  levels 
of  Be  for  the  different  \  .lues  of  tubs  trans conductance ,  it  aaa  determined 
that  this  infoimatlon  could  be  noreel laed  In  the  fora  of  output  roltege  versus 
g||.  This  is  ths  basis  of  ths  curve  of  Fig.  29. 

In  addition  to  tbs  information  discussed  above,  a  nee  ceramic  planer 
triode,  the  6BY1:,  aas  tested  in  a  Orounded  Grid  oscillator  circuit  configu¬ 
ration.  Output  and  drive  level  data  compared  rlth  that  obtained  using 
conventional  tubas.  However,  the  manufacturer ' s  tube  tranaeonductanee  speci¬ 
fications  could  not  be  met  with  the  units  made  available  to  ths  program. 

Values  for  g^  mere  somewhat  less  than  5000  micromhos. 

In  order  to  utilise  these  curves  for  ths  assign  of  the  Srcundsd  Grid 
oscillator  in  the  desired  frequency  range,  examples  are  shown  below. 

a .  Circuit  Design  Examples  and  Ose  of  Curves 

The  circuit  as  shovn  In  Fig.  9  has  been  found  to  provide  the  most 
satisfactory  performance  throughout  the  frequency  range  and  is  recommended 
for  thj  majority  of  applications.  This  circuit  should  be  used  without 
modification  wherever  possible.  For  special  performance  requirements,  where 
the  recommended  circuit  does  not  give  the  desired  results,  circuit  design 
changes  aay  be  accomplished,  as  will  be  shown  in  ths  design  examples. 

Recomsmnded  military  crystal  types  that  may  ba  used  in  this  appli¬ 
cation  are  CR=5«s/*3  end  C8-56/1.  The  specifications  on  these  units  cover 
frequencies  up  to  ant)  Including  07  me.  Maximum  crystal,  resistances  used  at 
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7 5  aed  105  «c  wars  60  ohm .  flulnn  reslstanca  used  at  135  sc,  and  150  sc 

mam  lfyj  aU« 

Although  1CL-3098B  doas  not  cover  crystal!  operating  above  87  me, 
available  unite  and  3CKL  recomwndations  indicate  a  ...  ‘jcleue  crystal  resistance 
of  60  ohm  up  te  an  Including  125  me  and  a  aulsua  of  100  ohm  to  150  me . 
Although  good  quality  units  sere  era 11 able  for  the  present  investigations  up 
to  150  m,  one  unit  shlch  has  a  series  resonant  resistance  of  160  ohaa  eee 
Included  in  the  data. 

Of  the  crystals  arailahla,  the  spread  In  crystal  resistance  at 
ertaln  frequencies  is  United.  In  order  to  expand  the  range,  resistors 
*rs  used  in  the  circuit  as  substitution  elements  and  perforaanca  masure- 
s>  rrts  «*re  cede.  Whera  resistors  were  used  in  plats  of  existing  crystals,  no 
appreciable  change  In  voltage  ses  noted,  provided  proper  reactive  coupe naatlon 
of  the  resistors  «M  made.  In  this  eanner,  the  reference  circuit  crystal 
resistance  of  51  oless  lit  made  available  throughout  the  frequency  range, 
although  there  ears  no  crystal  units  with  this  value  of  at  all  frequencies. 

To  Illustrate  the  use  of  the  design  vrachs.  the  following  sxnnpla 
is  given  using  ths  fonsat  of  Part  A.l.e. 

Assume  an  oscillator  Is  to  be  designed  hnving  the  following  circuit 
and  perforeance  requirements. 

f„  *  105  « 

-  100  volts 
*  I|000  ohns 

?x  -  2e0  n 

The  2*0  mi  drive  level  fifrure  is  determined  fro®  nniril  MilSpeci  for  cryatels 
In  this  ft  quency  range,  ct  fro®  consideration  of  frequency  stability  far 
those  units  not  giver.  in  KIL-C -3078^..  The  praeter  the  drive,  the  more  the 
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frequency  stability  uy  be  degraded, 

Reference  to  F1 g-  'll  shows  that  at  a  fraqusney  of  105  me  and  »  ft*  of 
100  volts,  tha  output  is  approximately  15.3  volts  rma  for  the  recownended  cir¬ 
cuit.  The  crystal  drive,  from  Pig.  12,  Is  found  to  be  2.1  mw.  At  the  required 
load  of  liOOO  ohms,  reference  to  Pig.  .'5  shews  that  for  K_  ”  h 000/5000  -  0.8, 

,  L 

the  normal laed  output  and  crystal  drive  factors,  ’J,  ere  0.8?  each,  where  5000 
ohms  la  tha  reference  circuit  load  resistance.  This  Mane  that  at  tha  re¬ 
quired  load,  the  output  will  be  15.1  x  0.8?  •  13.3  volte  end  the  drive  will 
be  2.1  x  0.8?  «  1,8  me.  Since  the  nominal  allowable  crystal  drive  is  2.0  me, 
it  may  be  desirable  to  investigate  methods  of  Increasing  available  output  and 
taka  advantage  of  the  drive  limit.  This  may  be  dona  in  several  ways.  Three 
methods  will  be  shown  here. 

One  method  depends  on  the  variability  of  B*.  If  the  plate  supply 
voltage  can  be  changed,  than  Pigs.  13  and  lit  will  be  used  to  determine  per¬ 
formance.  Par  a  drive  of  2.0  mw,  it  can  be  seer.,  from  Fig.  13,  that  the  ft* 
sust  be  99  volte  at  105  me.  Prom  Pig.  lb,  it  is  determined  that  the  output 
voltage  ia  15.0  volts  for  this  level  of  drive.  However,  this  is  for  the 
reference  circuit.  In  order  to  account  for  the  lower  load  or  iiOCO  onu, 

i 

•  0.8  and  K  •  0.8?,  as  shown  in  the  original  example.  Since  operation 
at  bOGO  ohms  load  reduces  the  drive  by  0.8?,  a  ft*  value  wust  be  choeen  which 
would  drive  the  reference  circuit  at  2. 0/0. 8?  -  ?,30  ms.  This  occurs  at  a  3* 

»  107  volte,  approximately.  Uraier  these  conditions,  the  outout  is  16.2  volts. 
However,  the  output  at  a  load  of  bOOO  ohms  would  be  16.2  x  0.87  ■  lb.l  volte. 

The  second  method  uses  Pig.  26,  which  shows  the  normalised  perform¬ 
ance  variations  with  changes  in  R  .  As  the  value  of  the  grid  bias  resistor 

« 

is  made  smaller,  both  P  and  e  incraane.  Sines,  at  ths  required  value  of 
’  x  o  , 
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load,  P  •  1.8  mm,  as  determined  above,  it  is  desirable  to  lor  the  value  of 

R  to  increase  the  drive  to  2.0  we .  Thu  factor  I  ,  la  than  2.0, A. 8  -  1.11, 

K 

i 

for  Px.  Than,  ^  _  0i85f  for  ,hleh  B'  for  it  1>03r  rhi,  Man.  tiMt  t 
S~iA  biaa  resistor  of  10,000  ohms  (reference  circuit  value )  tlaaaa  R, 

or  8500  ohaa ,  ia  tha  necessary  value,  and  the  drlra  will  ba  2.0  aa,  at  an 
output  of  13.3  *  1.03  -  13.7  Tolta. 

i  third  aathod  ua  a  a  tha  inf  or  action  found  in  Fig.  27,  which  ahoaa 
tha  noraalisad  variation  of  parforaance  with  changes  in  Rk,  tha  cathoda  biaa 
raaiator.  To  incraaaa  tha  drlra  by  a  factor  of  1.11,  tha  outfit  ineraaaaa  by 

i  ,  i 

a  factor  of  K  *  1.0b  at  -  0.90.  Than  tha  new  value  of  R^  le  200  x  0.90 
•  180  ohae  with  an  output  of  13.3  x  1.0b  -  13.8  volte. 

The  large at  output  in  this  cane  la  obtained  by  changing  B*  to  obtain 
tha  2.0  mw  drive  level.  Similar  methods  aay  ba  applied  where  fixed  values  of 
output  voltage  or  power  are  required.  In  tha  example*  shown  above  it  la 
questionable  If  the  labor  Involved  in  modifying  the  circuit  io  Juetlfied  to 
Increase  tha  output  voltage.  The  reference  circuit  output  of  13*3  volts 
using  the  required  load  is  increased  by  tha  modifications  to  a  maximum  of 
lb.l  volts,  an  Incraaaa  of  only  six  percent.  However,  In  those  cases  where 
the  resultant  drive  la  somewhat  lower  than  2.0  am,  1.*.,  In  the  order  of  15 
percent  or  more,  modification  of  tha  circuit  Is  advisable.  Similarly,  when 
tha  drive  la  excessive  by  about  the  saaa  percentage,  circuit  changes  should 
be  effected  to  reduce  thlo  power  dissipation. 

Thi  two  remaining  graphs  of  norauliaed  performance  curve*  (with 
respect  to  R^  and  g^  have  been  discussed  in  Part  A.l.#.,  A. 2. d.  and  In  this 
section,  Pur’ihrr,  tic  gcccrilticd  isaign  method  for  circuit  changes  follows 
the  pattern  described  in  the  same  section  noted  above. 
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Additional  Farfcrmango  Characteristics 
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uaiuutm  pi  lCT! 


shartet»rlfHe«  for  tM  Grounded  Or  id 


operating  In  the  75  to  150  me  frequency  range  have  boon  dotoralnod  and  aro 
proaontod  boro.  Tablo  V  ah  got  the  figures  far  a  lability  with  changes  In 
B«  and  fllemant  voltaga.  Tha  cerrolation  figure*  aro  alao  (iron  for  a  rang* 
of  crystal  roalatanooa  and  Bo  valuas.  Throw  crystal*  operating  at  oaeh  of 
four  frequencies,  75,  10$,  135,  and  150  me,  aro  ahown.  Tho  doflnltlona  of 
At*,  Afb,  and  Af ^  haro  boon  given  In  Part  A.l.f. 

A  aocond  performance  oharactorlatlc  la  tho  ohange  In  frequency  with 
variations  in  temperature  (aoo  Figs.  20  through  2!|).  For  thla  frequency  range, 
complete  specification*  on  tho  er TO tall  aro  not  available]  however,  far  tho 
-55*c  to  *90*c  rango,  a  Maximal  donation  of  50  ppm  fro*  tho  nominal  frequency 
of  tha  crystal  la  assumed.  Typical  value*  of  donation  fro*  Urn  Mon  value* 
encountered  for  tha 00  unlta  are  between  10  and  30  ppm.  Toonorataro  coef- 
flclonte  of  circuit  component  parte  wCil  canoe  the  operating  fronaaney  to 
deviate  further.  Circuit  tenpereture-frequancy  variations  ere  less  then  30 
ppm  and  when  combined  with  thu  maxi**  crystal  unit  deviation  total  1  lees  than 
80  ppa  far  typical  condition).  Inclusion  of  variatlone  due  to  B*  and  filament 
voltago  ehangea  of  tan  percent  raises  thi*  figure  to  e  maxim*  of  90  pi*. 
However,  typical  operation  yield*  values  less  than  70  ppa. 

A  third  performance  character la tic  le  that  of  harmonic  content  In 
the  output  of  the  oeeillatcr  circuits.  It  has  been  found  that  harmonica  are 
of  .-ether  low  amplitude.  However,  practical  application  of  these  circuits 
to  ooamunlcatlons  equipment  would  require  additional  filtering.  Further,  the 
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not  high  enough  for  application  to  frequency  syntheelsing 


or  frequency  multiplying  directly  from  the  harmonic  a.  Measurements  aht*  th* 
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TABIX  V  -  STABILITY  CHABACTKRTJTICS  Of  THE  Ot< 
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FIG  20a  —  FREQUENCY  TEMPERATURE  CHARACTERISTICS 
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FIG.  2lo  - FREQUENCY  TEMPERATURE  CHARACTERISTICS 
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FIG.  21b- — FREQUENCY  TEMPERATURE  CHARACTERISTICS 
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FIG  23o - FREQUENCY  TEMPERATURE  CHARACTERISTICS 
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r  FIG.  23t  --  FREQUENCY  TEMPERATURE  CHARACTERISTICS 
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second  harmonic  to  ba  about  20  db  bale™  tbs  fundamental  and  the  sixth  harmonic 
about  LO  db  baloa  tha  fundamental  for  typical  operating  conditions.  These 
measurements  also  Indicate  an  Increase  in  harmonic  content  alth  Increases  In 
circuit  operating  Israel  (higher  B*  lerel,  greater  crystal  dr  Ire  levels,  etc.). 
Detailed  information  of  the  harmonic  content  of  the  Grounded  Grid  and  Cathode 
Coupled  oscillator*  are  presented  in  Tables  VI  through  VIII.  Operation  at 
tmo  lvvsls  of  Be  and  with  tmo  values  of  crystal  resistance  are  given. 
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FIG  25 — NORMALIZED  PERFORMANCE  VS.  LOAD 
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FIG.  26 - NORMALIZED  PERFORMANCE  VS  GRID  RESISTANCE 
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3 .  TM5  CKTtPDB  COUFlgD  OSCILLATOR  10-75  HC 


a.  Clrsult  Description 

Tha  circuit  diagram  of  the  Cathode  Coupled  oscillator  recommended 
for  use  In  tha  10  to  75  »c  frequency  range  is  shown  In  Fig.  30.  Coll  winding 
data  for  ttrla  circuit  la  presented  in  Table  II  and  Fig.  31.  The  value  of  the 
coupling  capacitor  f rom  the  output  tank  to  the  cathode  follower  Input  circuit 
la  smaller  than  Bight  be  expected  for  normal  coupling  use.  This  provides  better 
laoiauiun  ui  ti •*  itii  p-.'tlom  ~f  *v-r  ci-cuit,  since  the  grid  circuit  of  the 
cathode  follower  la  in  shunt  wltn  tha  output. 

The  recommended  oscillator  circuit,  to  which  all  performance  and 
design  data  la  compared,  has  the  following  component  and  circuit  parameter 
values : 

R^  “  1C*  ohme  (grounded  grid  stage  grid  bias  reels  tor) 

R^  •  200  ohme  (grounded  grid  stage  cathode  bias  resistor) 

R  -  51 K  ohme  (cathode  follomer  stage  grid  bias  raelstor) 

R.  •  IK  ohme  (cathode  follower  stage  cathode  bias  resistor) 

R.  ■  5K  ohms  (load  resistance) 

4* 

K  »  25  ohms  (series  resonant  crystal  resistance) 

The  tube  type  le  the  5670  miniature  dual  trlode  with  a  nominal  g^  of  5500 
pmhor.  The  bypass,  decoupling,  and  coupling  component  values  are  as  shown 
In  Fig.  30. 

It  le  to  be  noted  that  for  operation  bales  yC  I  ,  ehich  3« 
used  at  higher  froquerv-' -s  to  cancel  Cq  of  the  crystal,  is  not  required. 
However,  It  Is  necessary  to  include  the  series  feedback  coil,  for 

proper  frequency  e  irrelatlon  and  circuit  operation.  This  coil  is  not  used 
*♦.  frequently..  above  50  me  . 
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fIG  30 - CATHODE  COUPLED  OSCILLATOR 
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for  I4  and 

V tr* 

Cambridge 
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forma. 

0.26"  O.D. , 

27/32* 

long. 

Lfl 6-  la 

the  part  number 

specifying  the  coll  form 

and 

ait*.  The  auffiz  deaignatea  tbs  cora  foraulation. 
CL-i  is  an  InOn'ra  tiooai  Radio  Corp.  Bold  ad  coil. 

•  deaignatea  a  alca  baaa  fora,  3/16*  O.D. ,  3/u’  Ions, 
lx  (at  60  ac)  la  wound  on  a  21,  1  watt  carbon  coap- 
oaition  raalator.  At  75  «c,  a  1/2  watt  rea irtor  la 

uaad . 


The  Inductance  and  Q  of  all  coila  oar  a  aaaaurad  at  tbair 
respective  frequencies  on  t  Boonton  Radio  Corp.  Q  Mater,  Modal 
10Q4. 
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b .  Component  and  Circuit  Construction  Details 


Refer  to  the  comments  on  coaponant  and  circuit  parameters  found  in 
Part  A, l.b, 

Tha  constructional  details  of  t ns  performance  tast  circuits  may  ba 
saan  in  Fig.  32.  Tha  photograph  shows  tha  layout  of  a  typical  7S  ac  Cathode 
Coupled  oscillator.  Tha  coaponant s  ar?  labelled  according  to  the  schematic 
of  Fig.  30.  lota  that  1^  1*  a  fixed  inductance,  at  la  located  below  the 
crystal  socket. 

c.  Circuit  Tuning  Frmceduim 

Refer  to  the  procedure  outlined  in  Part  A.l.c.  The  tuning  procedure 
la  alailar  except  that  a  tap  point  ia  not  needed  on  the  plate  coll. 

d.  Circuit  Performance  Charactarlatlcs 

Tha  circuit  aa  shorn  in  Fig.  )0  ties  been  found  to  provide  the  most 
satisfactory  performance  throughout  tha  frequency  range  and  la  recommended  for 
tha  aajcrlty  of  applications.  This  circuit  should  be  ussd  without  acidification 
wherever  posslblo,  In  noae  equipment  deiigns  the  aval labia  supply  to  Itage 
aay  not  allow  tha  circuit  to  operate  to  its  full  capacity.  In  such  cases 
design  chtngaa  aay  be  accomplished, as  shown  in  later  examples,  perfonaance 
;r»ph;  for  the  rocoscendcd  circuit  art  accurate  to  within  ten  percent.  The 
design  graphs  yield  prediction  accuracies  of  output,  with  the  change  of  any 
ona  component.  In  the  order  of  10  to  IS  percent.  For  changes  in  sereral 
components  .slmul  taneouoly,  ths  prediction  accuracy  dacreaees.  For  simultaneous 
changes  in  the  load  and  all  bias  resistors,  this  figure  is  about  20  to  7% 
percent.  Crystal  dries  voltage  measurements,  aade  with  the  assumption  of 
resistive  operation  of  the  crystal,  revsalea  prediction  accuracies  in  the 
order  of  2 0  to  30  percent  in  the  malnrity  of  elna'ie  rneaponent  changes. 
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Curves  of  output  voltage  and  power  and  crystal  drive  versus 
frequency  of  ooeration  are  shown  It.  rigs.  33  and  3ii,  resneetlvely.  In  addition, 
CuTfon  0 T  ritjui  Pod  values  of  Bi  and  resultant  on t nnt  for  constant  values  of 
crystal  drive  level  over  the  frequency  range  are  presented  In  Figs.  3e  and  36, 
respectively.  The  graphs  depict  performance  of  a  circuit  having  the  component 
values  Indicated  in  Fig.  30.  The  performance  figures  obtained  from  changes  in 
component  value  are  noraaliiad  with  respect  to  the  recowaended  circuit  figures. 
The  resulting  normalised  graphs  are  common  to  the  entire  10  to  I1-?  -~r.  frequency 
range,  and  are  shown  in  Figs.  1*9  through  57,  on  fold-out  pages  102  through  110 
These  graphs  show  out  fait  voltage,  output  power,  end  crystal  drive  level  as  a 
function  of  tha  valuae  of  R^,  R^,  (DC  Coupled),  %  (Capacity  Coupled), 

Rgc’  Rkc  ^  Coupled),  ^(Capacity  Coupled),  R*,  and  g^,  respectively.  In 
order  to  utilise  these  cures  for  the  design  of  Cathode  Coupled  oscillators 
in  the  desired  frequency  range,  examples  are  shown  subsequently. 

At  frequencies  in  the  range  of  10  to  1*0  me,  where  is  not  used, 
the  osthodee  are  isolated  with  respect,  to  dc,  by  the  crystal.  For  this  type 
of  operation,  the  capacity  coupled  normalised  curves.  Figs.  F2  and  cc,  should 
be  used.  If  dc  Isolation  Is  required,  or  desirable,  at  the  upper  frequency 
range,  a  physical  capacitor  My  be  inserted  in  the  feedback  path  and  „.ie  same 
figures  are  used  to  determine  performance. 

It  Is  possible  to  operate  the  Cathode  Coupi6d  circuit  over  a  band 
of  frequencies  without  retunlng  the  cathode  coil.  If  the  frequency  of 
operation  Is  within  _*  20  percent  of  the  fixed-tuned  frequency  of  the  cathode 
coil,  the  output  will  vary  ,«ss  than  ten  percent  and  the  frequency  correlation 
figure  will  be  within  ten  parts  per  million  from  the  cathode  coll  center 
frequency  values.  Crystal  voltage  correlation  cannot  be  obtained  since  the 
crystal  Is  not  operated  at  the  series  resonant  frequency.  As  a  resu't, 
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power  dissipation  figures  are  not  easily  determined,  but  I'e  within  the  range 
of  value*  Indicated  in  Fir.  3h. 

It  Is  rscisrcndsd  that,  “hereeer  feasible.  the  output  coupling  De 
adjusted  to  proride  an  effective  load  resistance  of  5000  ohms  to  th#  oscillator 
at  the  frequency  of  oraratlon.  Whan  this  la  not  dona,  reference  must  be  made 
to  the  normalised  load  resistance  graph  of  Fig.  L9.  The  effect  on  performance 
with  earl  •itlone  in  crystal  resistance  Is  shown  In  Fig.  56,  which  can  be  used 
to  Indicate  the  performance  when  a  specific  crystal  raslstanca  Is  used  or  to 
show  the  range  of  performance  of  typical  crystals  In  the  Cathode  Coupled 
oscillator  from  10  to  75  me.  Ferforaanoe  le  referenced  to  a  crystal  resistance 
value  of  25  ohms.  Recoitmanded  military  crystal  types  which  can  he  used  In  this 
application  are  CR-19/U,  CR-21t/U,  CR-#/B,  CR-35/U,  CR-52/U,  CR-5L./U,  CR-C5/0 
and  CR-56AI.  Reference  should  be  made  to  *MIL~C-309(jB  Crystal  jnlts,  Quart*", 
for  specific  crystal  Information  such  as  maximum  resistance  limits,  physical 
configuration,  and  frequency  range. 

e .  Circuit  Design  Examples  end  Use  of  Curves 

One  of  the  chief  values  of  the  design  method  presented  here  Is  In 
the  prediction  of  oscillator  performance  of  a  given  design,  it  specified 
frequency  and  plate  supoly  voltage  values,  the  recommended  circuit  performance 
is  determined  from  Figs.  33  and  3k.  If  the  output  end  drive  level  vi.lues  ere 
other  then  those  desired,  reference  is  smde  to  Figs.  3e  and  36  and/or  the 
nnrmaliied  curves  determine  which  circuit  parameter  may  be  changed  to 

obtain  ft  necessary  results.  Any  parameter  that  must  remain  fixed  would 
eliminate  the  use  of  Its  corresponding  performance  curve.  The  normaliied 
factors  are  obtained  by  dividing  the  necessary  or  desired  parameter  value  by 
the  recommended  circuit  value  and  the  result  applied  to  the  appropriate 
curve  (Sec  Fart  i.l.e,)-  Recommended  circuit  component  or  parameter 
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values  given  in  this  manual  should  be  followed,  wherever  possible,  since  the 
recomended  c  1  cult  Is  optlaiun  for  typical  application.  To  lllustrete  the 
use  of  the  design  graphs,  the  following  iAiapla  is  givsn. 

Assuies  »n  oscillator  is  to  be  designed  having  the  following  cl. -cult 
end  performance  requirement*! 

f  -  60  »c. 

Be  -  100  volts 
RT  -  1,000  ohms 

P  -  2.0  aw  (determined  from  M3L-C-3098B  for  a 
particular  crystal  type) 

Reference  tc  Fig.  33  shews  that  the  output  in  12.6  volts  res  under  these 
conditions.  The  drive  level,  froa  Fig.  3U,  is  0.9  aw.  These  figures  refer 
to  the  recommended  circuit.  At  the  required  load  of  liOOO  ohms.  Fig.  u9  shows 
that  for  Njj  •  1,000/5000  *  0.8,  the  noneellied  output  and  crystal  drive  factors 

i  ^ 

JI  ,  are  about  0,86  each,  where  e000  ohms  is  the  reference  circuit  load  resistance. 
This  means  that  at  the  required  load  the  output  will  be  l?.?  x  0.86  »  10.8  volts 
and  the  drive  wi  11  be  0.9  x  0.06  -  0.77  mv.  It  may  be  desirable  to  investigate 
methods  of  Increasing  available  output  and  talcing  advantage  of  the  drive  ll«lt. 
This  may  be  done  in  a  variety  of  ways.  Several  methods  will  be  shown  here. 

The  first  aethod  depends  on  the  variability  of  the  plate  supply 
voltage.  If  Bs  can  be  changed,  then  Figs.  3e,  36  and  1,9  are  used  to  determine 
pcrf • rmance.  ’nr  a  drive  of  2.C  sw,  Fig.  y  shows  that  B*  must  be  i2u  volts 
for  J  60  «c  oscillator.  Fraa  Fig.  36  It  is  determined  that  the  output  voltege 
is  13.5  volts  for  this  level  of  drive.  This  is  for  the  reference  circuit. 

i  i 

In  order  tc  account  for  the  lower  load  of  1,000  ohms,  N„  •  0.8  and  A  -  0.66 

ft. 

L 

a*  shrwr.  in  the  origirvel  Sine*  operation  at  itOOO  ohms  load  reduces 

the  drive  by  0.56,  a  B-*  value  sust  be  chosen  which  would  di  iVe  the  reference 
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circuit  at  2.0/0.86  •  2.3  mw.  Thia  occurs  it  i  B*  of  approximately  12?  volte. 
Under  that#  cons! lions,  the  output  is  16.8  volts.  However,  the  output  at  a 
liOOO  ohais  load  would  ba  16.8  x  0.86  »  lli.u  volts. 

tddltional  methods  dapand  on  the  use  of  the  normalixed  performance 
curves.  To  determine  which  curves  are  applicable,  a  review  of  the  circuit 
Condition  is  necessary.  With  the  required  load  the  drive  level  is  0.77  mw, 
as  determined  ebore.  It  is  desirable  to  raise  this  to  the  nominal  drive  of 
2.0  mw.  X  is  then  2.0/0.77  •  2.6.  Of  course,  some  component  change  must  be 
effected  which  will  not  only  produce  the  desired  increase  in  drive,  but  will 
also  increase  the  output,  rather  than  decrease  it.  Inspection  of  the  normalixed 
l^erformance  curves  shows  that  there  is  no  component  which  will  increase  the 
drive  by  thia  factor  (2.6).  However,  there  is  one  which  does  Increase  the  drive 
and  output  simultaneously.  This  is  R^  (DC  Coupled),  shown  in  Fig.  ?1.  The 
other  components  wither  decrease  output  with  increases  in  drive  or  else  have 
negligibly  small  factors.  By  extrapolation  of  the  normalixed  curve,  it 
can  be  four!  that  the-  drive  increases  by  a  factor  of  nearly  2.6  when  this 

I 

resistance  is  xero.  For  this  condition,  the  cutout  factor  In  H  •  l.L. 
Therefore,  the  output  will  be  10,8  x  l.li  •  1^.2  volte. 

The  largest  output  in  thia  case  is  o  trained  by  making  the  grounded 
grid  sta$;e  cathode  bias  resistor  xero.  Similar  methods  may  be  applied  to 
thn*#  c**r*s  where  output  voltage  or  Dover  is  to  remain  fixed, 

Th«  two  graphs  ~f  .  ^6  »r.d  t*7  performance  variations  with 

crystal  resistance  and  tube  transconductance.  Little  control  can  os  held 
ovar  these  parameters,  unless  lengthy,  selective  test?  are  made.  Nevertheless, 
the  graph’  are  included  to  indicate  their  effect  on  circuit  performance.  It 
can  be  seen  that  a  IX  percent  increase  in  crystal  resistance  lower;,  the 
output  by  about  ten  oercent  and  increases  the  drive  by  less  than  five  percent. 
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Kor  a  ten  percent  decr**a*e  in  the  output  decreases  ten  nercent  and  the 
drire  decreases  UO  oercent.  The  use  of  different  tubo  types  haring  approx!  *■ 

th*  ---  ms*  of  s„  «l»s  “-is-"-*-  aoe.ssitats  "  adJ«>tMnt  In  the 

estimates  of  circuit  stray  capacitances,  transit  time  loading,  stc. 

f .  Additional  Performance  C haracterlstlca 

Several  additional  performance  characteristics  hay*  been  determined 
and  are  presented  here.  The  first,  of  these  Is  t.e  stability  characteristics 
of  the  Cathode  Coupled  oscillator  in  the  frequency  range  of  10  to  7?  me. 

Table  X  shows  the  figures  for  stability  with  changes  in  B»  and  .  -ystal 
resistance  ralues.  Three  crystals  operating  at  each  cf  three  frequencies, 

10,  30,  and  7^  «,  are  shown.  The  definitions  of  A  f  ,  etc.,  as  used  here, 
have  been  discussed  In  Part  A.l.f. 

A  second  nerforraance  characteristic  is  that  of  frequency  variation 
with  temnerature  (See  Pig.  20).  Crystal  unit  specifications  for  this  frequency 
range  call  for  a  maximum  deviation  from  the  nominal  frequency  of  50  ppn 
throughout  the  temperature  range  of  -^5°C  to  »90oC,  However,  typical  changes 
from  the  swan  frequency  values  encountered  for  these  units  are  hetveen  lc  and 
25  ppm.  Temperature  coefficients  of  circuit  componert  parts  will  cause  the 
operating  requency  to  deviate  further.  Circuit  temperature -frequency 
variations  are  less  than  U0  pf»  and  when  combined  with  the  maximum  crystal 
unit  deviation  totals  less  tlan  90  ppm  for  t/pl  al  conditions.  Inclusion  of 
variations  due  to  ten  Percent  B»  and  filament  voltage  changes  raises  this 
figure  to  a  maximum  of  lot  pom.  However,  values  for  typical  operation  are 
usually  less  than  75  ppm. 

Harmonic  content  _n  the  output  of  tnese  circuits  Is  similar  In 
charact  erl  st  lc  s  to  those  fo’ind  for  the  Grounded  Grid  oscillator  (see,  also. 
Tables  VI  through  VIIIl  discussed  In  Part  A.  ..f. 
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Inspection  of  fig.  5C  Indicates  that  as  th»  valuj  of  the  grounded- 
grid  grid-biee  resistor  is  decreased  the  desirable  performance  trend  of 
increased  output,  end  decreased  dries  lerel  occurs.  It  Is  not  recommended , 
hosever,  that  the  grid  actual  ly  be  shorted  to  ground,  since  this  hes  en  adverse 
effect  on  the  frequency  stability  end  the  correletlon  is  very  poor. 

It  may  be  deelreble,  in  some  cases,  to  utilise  the  circuit  with  en 
untuned  cathode.  Alt  no  ijh  the  use  of  a  tuned  cathode  coll  provides  higher 
oscillator  output  voltages ,  the  advantages  of  the  untuned  case  are  the  elimi¬ 
nation  of  the  component  part  Itself,  a  simpler  tuning  procedure,  end  broadband, 
rather  then  fixed,  frequency  operation.  Information  on  the  Cathode  Coupled 
oaelllatar  operating  with  en  untuned  cathode  circuit  is  therefore  presented. 

In  general,  some  component  changes  are  necessary  In  the  reference  circuit. 
Typical  values  for  circuits  operating  in  the  frequency  bands  of  10  to  20, 

20  to  b0,  and  bO  to  75  we  are  listed  below,  where  resistance  la  In  ohms  and 
capacitance  is  in  mfd.  All  other  components  remain  the  seme  as  in  the 
reference  circuit.  It  should  be  note!  that  for  this  application,  L  Is  not 
used. 


Component 

10  to  20  me 

Frequency  Ranges 

20  to  JjO  me 

b0  to 

R. 

IK 

560 

IK 

R, 

kc 

IK 

ion 

100 

C 

gc 

10 

7.5 

b  .7 

R^  is  changed  to  10K  ohms  for  operation  throughout  the 
frequercy  range . 

Performance  curves  for  the  oscillator  at  various  lenrele  of  plate 
supply  voltage  are  shown  In  Pig.  37.  Operation  at  frequencies  above  75  isc  is 
not  recommended . 
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FIG.  37- PERFORMANCE  ( 
WITH  UNTUNED 


40 

FREQUENCY,  MC 


60 


80 


THE  CATHODE  COUPLED  OSCILLATOR 


CATHODE  CIRCUIT  (GROUNDED  GRID  STAGE) 


10-75  MC 


Frequency  correlation  1b  good,  provided  the  c  can  r*on  erst  values 
suggested  above  are  used.  Frequency  srtabi  lity  is  cnaparable  to  that  of  the 

♦  i.a«  A  .  A  r  ......  />.«.  4k..  ...  .n..  _i  m ..  .  a 

b 

10  me  to  less  than  four  parts  per  million  at  7^  me. 


u.  TMt  CAfHCI»  COtfPm  03CimTtfc  -  75-150  KC 


t .  Circuit  oeecrigtlos 

The  circuit  diagram  of  the  Cathode  Coupled  oscillator  reeoaeended 
for  uea  In  the  75  to  150  *c  frequency  range  1»  shown  In  fig.  38.  Coll  winding 
data  la  presented  in  Tahle  H  and  rig,  39. 

The  oscillator  circuit  has  the  component  and  circuit  per  Meter 
valuaa  given  In  Part  1.3. a.  exeapt  for  the  reference  vhlum  of  1  ,  ehlch  is 
51  ohee  for  this  frequency  range. 

b.  Component  and  Circuit  Construction  Details 

In  general,  ths  dlscueeion  of  componrrrts  and  circuit  construction 
datalls  given  In  Part  A.l.b.  applies  here.  However,  greeter  care  muet  be 
given  to  lead  dress,  grounding,  and  parts  placement  at  these  higher  frequencies. 

e.  Circuit  tuning  Procedure 

See  Part  A.l.c.  The  tuning  procedure  Is  similar  except  that  e  tap 
point  is  not  needed  on  the  piste  coll. 

d.  Circuit  Performance  Characteristic « 

The  circuit  as  shown  In  fig.  38  has  been  found  to  praTtde  the  most 
satisfactory  performance  throughout  the  frequency  range  and  is  rsecssasndod  for 
the  majority  of  applications .  This  circuit  should  be  used  without  modification 
wherever  possible.  Iu  s<mt  equipment  designs  ths  eratlable  supply  voltage  may 
not  allow  ths  circuit  to  operate  at  Its  full  capacity.  In  such  cases  design 
changes  may  be  aceossp} lshmd  as  shown  in  later  examples. 

Curves  of  output  voltage  and  power,  an!  crystal  drive  versus  frequency 
of  operation  ar*  chown  In  Figs.  U0  and  ljl,  rsspwctlvely .  In  addition,  curves 
of  required  values  of  0a  and  the  resultant  output  for  constant  values  of 
crystal  drive  levsl  over  the  freqwency  range  are  presented  In  Flgs.ir?  and  b3, 
respectively.  The  graphs  depict  performance  of  a  circuit  raving  the  component 
A  ft  *  O  U  ■  It  K:pbhi-  Oh  fj  t  v  ,  sec  s  *  %  ’  !  T  U  '  l  of  'tc  “NOi  05* 
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FIG  38 - CATHODE  COUPLED  OSCILLATOR 

75-150  MC 
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NOTK:  ij  wound  on  s  ?K,  1/2  watt  carbon  composition  rea¬ 

ls  tor.  The  indicated  coll  type#  for  1^  and  Lp  are 
Cambridge  Thermionic  Corp.  forma,  C.26"  O.D.,  27/3?* 
long,  136-  ia  the  part  nuiber  specifying  the  coil 
form  type  and  s'ze.  The  suffix  designates  tbs  core 
formulation. 

The  inductance  and  Q  of  all  crystal  col  la,  I*,  were 
•assured  at  SO  me  or.  toe  Boooton  Radio  Corp.  Q  Meter,  Modal 
.604.  The  inductance  and  Q  of  Lfc  and  Lp  were  measured  at 
their  operating  frequencies  on  the  Boonton  Radio  Corp.  Q 
Meter,  Mocel  1704. 
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FIG  39  —  INDUCTANCE  VS.  FREQUENCY  FOR  THE 
CATHODE  COUPLED  OSCILLATOR  COILS 
75-150  M C 


I-8L  - 


OUTPUT 


100  MO  120  130  140  150 

FREQUENCY  -  MC 


tal  drive  vs  frequency  eok 

CATHODE  COUPLED  OSCILLATOR 
75 -  I  SO  MC 


1-06  - 


OUTPUT 


TO  80  90  100  110  120  130  140  150 

FREQUENCY  -  VC 


FIG  43  — OUTPUT,  CONSTANT  Px  CURVES  FOR 

the  cathode  coupled  oscillator 
75-150  MC 
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rallies  indicated  in  rig.  38.  Tha  performance  figures  obtained  from  charges 
in  component  value  are  normalised  with  respect  to  the  recommended  circuit 
figures.  The  resulting  mrs«all»ed  graphs  are  eoimeon  to  the  entire  10  to  3.50  me 
frequency  range,  at»d  are  shown  in  rigs.  1*9  through  *T7  on  fold-out  pages  102 
through  110.  These  graphs  show  output  voltage,  output  power,  and  crystal 
drive  level  as  a  function  of  the  values  of  R^,  R  ,  R^  (DC  Coupled), 

(Capacity  Coupled),  R  ,  Rte  (DC  Coupled),  (Capacity  Coupled),!^,  and  g^, 

reepectlvaly. 

Figure  iiii  combines  the  effect  on  output  of  increasing  or  decreasing 
*4/  Rgg’  ®kg'  agc'  *nt*  siaulta,',0UJ,1Jr  4rd  by  »**•  Percentage.  This 

figure  is  obtained  by  taking  the  product  of  the  average  outout  factors, 
reoresented  ty  the  curves  in  Fige.  h9,  c0,  -1,  c3  and  c!i,  resulting  from  the 
sane  percentage  ohangs  tor  each  of  the  resistances. 

The  graph  affords  a  cheek  on  the  reliability  of  the  design  data  for 
a  wide  range  of  operating  conditions.  It,  tor  axa«g>la,  these  flee  components 
are  each  increased  by  a  factor  of  2.C  over  the  reference  value,  it  can  be 
seen  from  the  graoh  that  the  output  should  decreaee  to  8^  percent  of  the 
reference  value. 

Results  of  circuit  measurements  to  check  this  ars  shown  in  Table  XII. 
Here,  two  resistance  factor  values,  0.65  and  1.66,  were  used,  Th<s  means 
that  the  pertinent  resistance  values  in  the  new  circuit  are  tl>e  stated 
percentages  or  the  reference  circuit  values.  From  Fig.  iiii,  the  corresponding 
output  factors,  n  ,  are  U.Ou  and  U.yo,  respectively.  A  clrciit  was  constructed 
whose  components  corresponded  to  these  values  and  output  was  measured  at  f our 
levels  of  supply  voltage.  These  output  meacirementa  are  tabulated  in  the 

coltmrn  headed  "e^".  The  theoretical  changes  are  listed  under  the  column 

,  ,  • 
headed"N  e  *  where  e1  is  the  reference  circuit  output  and  N  is  the  output 
o  o 
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FIR  44 — NORMALIZED  CURVE  FOR  COMBINED  CHANGE  IN  GRID, 
CATHODE  AND  LOAD  RESISTANCES  FOR  THE  CATHOOE 
COUPLED  OSCILLATOR 
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TABU  HI  •  CQHPAUICB  OP  HUtDICTBD  M B  MSA8UMD  R9P0BMABCS 
OP  THB  CATHODC  COOTUD  OSCIUATOB  CHCTJIT 
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factor  resulting  from  the  use  of  the  information  in  Fig.  Uj. 

The  effect  cr.  output  voltage  resulting  from  the  use  of  different 
tuhe  types  end  haring  a  rings  of  values  ia  an  own  in  Figs,  u"  through  ii6, 
Inclusive,  where  the  frequencies  of  operation  were  7<,  108 1  13e,  and  lco, 
respectively,  Each  graph  represents  the  output  obtained  from  the  reference 
circuit  using  the  <670  ainiature  dual  triode  and  the  6021  submlnlature  dual 
trioda.  Throe  <670  tubes,  haring  different  ralues,  were  used.  The 
reference  circuit  component  tube  was  a  <670  haring  a  measured  g^  of  <S00 
micromhos  for  the  section  used  In  the  grounded  grid  stage  and  <l*CXi  micromhos 
for  the  section  used  in  the  cathode  follower  stage.  All  values  of  were 
determined  with  a  Hickok  Model  <33  Mutual  Transconductance  Tester  under 
standard  test  conditions. 

Figure  <7  combines  the  information  of  Figs.  li<  through  i|S  to  shew 
the  general  effects  of  on  output.  At  each  frequency,  and  for  several  values 
of  B+,  the  output  voltages  for  the  various  tubas  war®  c -'-pared  to  the  output 
obtalnad  for  the  reference  circuit  under  the  same  operating  conditions.  The 
averages  of  these  values  were  then  plotted  against  the  of  the  tubes  to 
obtain  the  given  curve.  Since  output  varies  directly  with  the  transconductance 
of  the  grounded  grid  amplifier  tube  section  the  values  for  this  stage  ware 
used  In  Fig.  e7. 

In  order  to  utiliie  these  c»o-eJ  for  the  design  of  the  Cathode 
Coupled  oscillator  in  the  desired  frequency  range,  examples  are  shown  below. 

Recommended  military  crystal  types  that  may  be  used  in  this 
application  arc  CR-^liA1  arai  CR-<6/U,  The  specifications  on  these  units  cover 
frequencies  up  to  and  including  87  ac.  Maxlmua  crystal  resistances  used  at 
7<  and  10<  ac  ware  60  ohms.  Maximus  resistance  used  at  1 3<  mr  and  Ido  mo 
was  100  ohms. 

‘""Oui  is  urn.  lOUNOiTio*  ot  iiiho  s  institute  or  uc««oiot> 
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riG  45.  OUTPUT  —  ym  CHAhaC  I  tHisr ICS  FOR  THE  CATHODE  COUPLED 
OSCILLATOR  AT  75  MC 
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OUTPUT -RMS  VOLTS 


FIG.  46 


OUTPUT  -  gm  CHARACTERISTICS  FOR  THE  CATHODF.  COUPLED 
OSCILLATOR  AT  105  MC. 


OUTPUT  —  RMS  VOLTS 


FIG  47  OUTPUT- gm  CHARACTERISTICS  FOR  THE  CATHODE  COUPLED 
OSCi LLATOn  AT  i b b  r*0. 
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48.  OUTPUT- gm  CHARACTERISTICS  FOR  THE  CATHODE  COUPLED 
OSCillaTOR  AT  ISO  ™C. 
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Although  WL-C-  'OufJB  dreg  not  "ever  Tystals  operating  * N  > r  6~  n*  . 
available  units  and  USAS  EL  recommendations  Indicate  a  maximum  crystal  reels- 
tance  of  bo  ohms  up  tn  and  lnoiivling  l?c  me  and  a  vux laurn  of  IOC1  ohts  to  15(  me . 
Although  good  quality  units  were  available  for  the  oreeent  Invest lgations  up 
to  110  me,  one  unit,  which  had  a  series  resonant  resistance  of  160  ohms.  lias 
been  Included  In  the  data. 

Of  the  crystals  available,  tna  spread  In  crystal  resistance  at 
certain  frequencies  Is  limltsd.  In  order  tc  expend  the  range,  resistor 
networks  were  used  in  the  circuit  as  substitution  elements  and  Derformance 
measurmaanta  were  made.  Wnere  resistor  networks  were  used  In  place  of  existing 
crysta.s,  no  appreciable  change  in  vo.tage  was  noted,  provided  proper 
reactive  compensation  of  the  resistors  wee  made.  In  this  manner,  a  wide  range 
of  crystal  resistances  were  made  available  throughout  the  frequency  range. 

• .  Circuit  Design  Examples  and  Use  of  Curtee 

To  Illustrate  the  use  of  toe  design  graphs,  the  following  example  Is 
given,  using  the  format  1  Psi  1  A...e. 

Assume  an  oscl’.iato:  it  to  re  designed  having  tne  fo. lowing  circuit 
and  r  *rf oi'.^anc e  requirements* 

f  -  lfc  me 

r. 

B*  ■  ICO  voits 

R,  -  UOOO  ohrcs 

la 

* 

*  x 

The  2,0  w  drive  leve^  figure  La  determined  from  general  KiiSpecs  for  crystals 
in  tni s  frequency  range,  or  fron  consideration  of  frequency  stability  for 
those  units  not  given  in  MIL-< « jC'98B* 
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Raferenca  to  rig.  1*0  shows  that  at  a  fraquancy  of  10r  me  and  4  B» 
of  100  volts,  the  output  of  th«  recommended  circuit  la  approxlma tely  10, R 
to  It®  rms.  Tha  eryatal  drive  from  Fig.  ui  ,  is  fourxi  io  be  1.5  «,  With  ths 
required  lead  of  1*OCO  ohms,  reference  to  Pig.  i*9  shows  that  for  K  4*000/5000  * 

As 

0.8  th#  normalised  output  and  crystal  drive  factors,  H',  ars  0.8*  aach,  where 
5000  ohms  Is  ths  rafrrsnes  circuit  load  resistance.  This  aaans  that  at  tha 
raqulrsd  load  of  LOOO  ohms,  tha  output  will  ba  10.5  x  0.86  *  9.0  Tolts  and 
tha  drlra  will  bs  1.5  x  0.86  «  1.28  m*.  Sinca  tha  nominal  allowable  crystal 
drlra  is  2.0  war.  It  may  b«  daslrabla  to  inreatlgate  mat  hod  a  of  increasing 
available  output  aci  taka  adrantaga  of  tbs  drlra  limit.  This  may  ba  dona  In 
sersral  ways,  of  which  examples  will  ba  presented  hare. 

One  method  dspandi  on  the  variability  of  ths  plate  supply  roltage. 

If  tha  B-  can  ba  changed,  than  Pigs.  1*2  and  1*1  are  used.  Tor  a  drlra  of  2.0  mt. 
It  can  ba  seen  from  Pig.  1*2  that  the  B»  must  be  106  rolts  at  105  me.  prom 
Pig.  1*3  It  Is  determined  that  tha  output  roltage  la  10.5  rolts  for  this  larel 
of  drive.  Howevar,  this  Is  for  th#  reference  circuit.  In  order  to  account 
for  the  lower  load  of  1*000  onms,  |L  •  0, 6  and  I'  •  0,66,  as  shown  In  the 
original  example  above.  Since  operation  at  1*000  ohms  lead  reduces  the  drive 
by  0.86,  a  Be  value  must  be  found  which  would  drlra  the  reference  circuit  at 
2.0/0.86  *  2.33  »w.  This  occurs  at  a  B*  of  approximate  ly  108  rolts,  found  by 
use  of  Pig.  1*2.  Under  these  conditions,  the  output  is  11.5  rolts.  However, 
the  output  at  a  load  of  1.000  olas  would  be  11.5  x  0.86  -  9.9  rolts. 

A  second  method  depends  on  the  normalised  performance  curves.  To 
determine  which  curve  is  applicable,  a  review  of  tha  circuit  conditions  Is 
required.  With  the  stated  load  the  drive  level  is  1.28  mw,  as  datermlned 
above.  It  is  desirable  to  raise  this  to  ths  r.ouinel  vslue  of  2.0  mw,  N<  is 
then  2.0/1.28  »  1.56.  It  is  necessary  to  find  a  component  whi^h,  wher.  changed, 
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will  inrr«M<»  lh®  drive  to  this  l#ve  1  and  also  increase  the  available  output 


Inspection  of  the  nonralirad  curves  sh^ws  that  the  only  crnponant 
capable  of  this  shan^e  is  (DC  Coupled).  Pi?.  cl.  The  N'  •  1.^6  factor 

can  he  obtained  at  N_  of  0.6,  or  ?00  x  0.6  ■  120  ohae.  The  output  factor 

R»* 

M 1 ,  Is  f-'und  to  b.  1.?.  Th.  resulting  output  voltage  Is  then  9.0  *  1.2  •  10..P 
volts.  Th.  other  components  either  decrease  output  with  »n  increase  in 
crystal  drive  or  provide  negligibly  ssmll  performance  changes. 

Comarison  a!  method::  la  this  cess  shows  that  a  change  In  B»  produces 
the  greater  output.  Similar  methods  may  t*  spplled  In  those  instances  where 
output  voltage  or  power  ere  to  pea. In  fixed.  A  generalised  outline  of  the 
design  procedure  is  glrtn  In  Part  A.3.e.  However,  for  this  frequency  range, 
performance  of  the  recommended  circuit  Is  determined  from  Pigs.  hO  »nd  hi,  and 
design  changes  nay  be  made  by  reference  to  Pigs,  h?  and  hi,  and/or  the 
normalised  curves. 

f .  Additional  Performance  Characteristics 

Several  additional  oerfovmance  characteristics  hare  been  determined 
and  are  rresented  here.  The  first  of  these  Is  ths  stability  characterl  stirs 
of  the  Cathode  Coupled  oscillator  In  the  frequency  renge  of  75  to  1^0  me. 

Table  IIII  sheets  the  figures  for  stability  with  changes  in  »•  and  filament 
voltage.  The  correlation  figure  la  also  given  for  a  range  of  B-»  ind  crystal 
resistance  values.  Thre.  cryst,  Is  operating  at  each  of  four  frequencies,  7?, 
10?,  135,  and  150  sc  are  shown.  The  definitions  of  u» f etc.,  as  used  here, 
have  been  discussed  In  Part  A.l.f. 

A  second  performance  characteristic  Is  the  change  in  frequency  with 
variations  in  temperature  (See  Plgft.  21  through  2h).  Complete  specifications 
nn  the  crystals  are  not  available  for  this  frequency  range,  however,  for  the 
-c5°C  to  90°C  range,  a  maxima  nos'  nai  deviation  of  do  ppm  for  the  crystal 
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Is  assi»*d.  Typical  deviations  from  the  »e»n  values  encountered  for  these 
unite  ere  between  19  end  29  ppm.  Temperature  coefficient*  of  circuit  component 
parts  will  eauee  the  operating  frequency  to  deviate  further.  Circuit 
temperature-frequency  variations  are  lees  then  liO  ppm,  and  when  combined  with 
the  maximise  crystal  unit  daviation  totals  less  than  90  ppm  for  typical 
c  ndltl ere .  Inclusion  of  variation*  due  to  ten  percent  B«  end  filament 
voltage  chang-s  releee  t^la  figure  to  e  maximum  of  100  ppn.  However,  typical 
operation  yields  values  thet  are  less  than  75  ppm. 

Harmonic  contant  In  the  output  of  these  circuits  id  similar  in 
characteristic*  to  those  found  for  the  0 rounded  Ond  oeclllator,  discuaued 
in  Part  i.l.f,,  where  detailed  informetion  i»  found  In  Tablaa  VI  through  VIII. 
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FIG  50— NORMALIZED  PERFORMANCE  VS  GROUNDED 
GRID  -GRID  BIAS  RESISTANCE  FOR  THE 
CATHODE  COUPLED  OSCILLATOR 
10  -  150  MC 


Tit.  bO 


1-105  - 


CAPACITY  CPU  PL  CO 


NORMALIZED  PERFORMANCE  VS.  Cf'ONOED 
GRID  -CATHODE  BIAS  RESISTANCE  FOR  ThL 
CATHODE  COUPLED  OSCILLATOR 
10-150  MC 
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FIG  54 — NORMALIZED  PERFORMANCE  VS.  CATHODE 

FOLLOWER  -  CATHODE  BIAS  RESISTANCE  FOR 
THE  CATHODE  COUPLED  OSCILLATOR 
10-150  MC 
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PIG.  55 - NORMALIZED  PERFORMANCE  VS.  CATHODE 

FOLLOWER  -  CATHODE  BIAS  RESISTANCE  FOR 
THE  CATHODE  COUPLED  OSCILLATOR 
10-150  MC 
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PART  B 

AOTIRESOKANT  CRYSTAL  OSCILLATOR  CIRCUITS 

COL PITTS 

EiaCTRON  COUPLED  COLPITIS 
KILLER 

0.8  -  5.0  me 
3.0  -  20  nc 
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i.  colhtts  (cBomcam  puts  p^aci)  oacuiATCB  circuit  -  o..6-go.o  »c 


The  Colpitts,  or  Qrounded  Plata  Plarcn,  aniirweonanb  vCT 

consist*  of  i  single  tried#  amplifier  stags.  The  plats  is  ac  grounded  and 
t be  output  Is  developed  across  tha  cathode -to-ground  circuit,  which  is  com- 
posad  of  an  inductance  and  a  bias  raslstor.  Feedback  la  aeccapllshad  by  tha 
capacitance  fro*  cathode  to  grid.  The  crystal  la  connected  between  grid  and 
itroundj  grid  bias  la  drralopad  with  tha  grid -to -ground  raaiatanca  and  tha 
crystal  load  capacitance.  Capacitance  across  the  crystal,  together  with  that 
of  the  voltage  divider,  provides  the  required  capacitive  load  for  tha  crystal, 
f  or  MilS pec  crystal  units,  this  value  la  specified  as  either  20  or  32  aafd. 

Tice  moat  cowan  value  is  32  nafd  and  la  tha  oca  used  In  the  circuit  described 
below.  Tha  antlresonant  tank  circuit  la  composed  of  this  load  capacitance 
and  tha  equivalent  inductance  of  the  crystal. 

a  Circuit  Description 

Tha  circuit  diagram  of  the  Colpitta  oscillator  recomended  for 
operation  in  the  0.8  to  20.0  ac  frequency  riaga  la  shown  in  Fig.  58.  Tne 
only  physical,  coil  in  the  circuit  i»  L^,  for  which  nominal  values  are  shown 
In  the  figure.  Tha  values  of  C, ,  C„,  and  C,  designate  physical  capacitors. 

it  } 

Tli*  eethod  of  date-wiring  these  values  is  outlined  below  in  the  subsection  on 
"Initial  Circuit  Aligneent  Procedure." 

The  reference  oscillator  circuit,  to  which  ell  perforeanc*  and 
design  data  is  compared,  usee  one  section  of  a  12AT7  miniature  dual  triads 
tube  with  a  noednal  of  5500  pmhos.  All  resistance,  bypass,  end  decoupling 
component  values  are  shown  In  ■'1*.  5b.  The  load  reeletance  is  10K  ohns. 

Is  21.25  eefd  (15  estfd  ♦  strays),  is  12.00  wfd  (10  sssfu  *  strays)  and 

C3  is  7i.50  wfd  (Li 7  mmfd  *  15  mfd  circ  c.t  load  capacitance  *  strayw). 

A  B  H  O  U  •  I  (S  (  Ate  M  t  OU  N  D*1  ,ON  OF  ILL‘NO'5  INJTlTUTi  OF  UCHkOlOG'’ 


1-115  - 


I2AT7 


X 


oj 

UJ 

u 

L. 

U 

Q- 

CO 

UJ 

</) 

£ 

X 


to 

^  •*- 
X  ^  -c 

O  X  E 

z  z  z 

a:  cj  j 


to 

to 

UJ 

-J 

2 

3 


on 

U? 

b 

L- 


I-11U 


COLPITTS  OSCILLATOR 
0.8  -  20.0  MC 


I 


1 

i  : 

i  i 
i  i 

I  1 

n  i 

m 


These  values  yield  the  ratios  -  21.25/3®  *  0*66  end  Cyfcg  -  7U. 56/12  *  6.2. 

b.  Cosponsrrt  and  Circuit  Construction  Details 

The  general  eoapomnt  types  need  in  this  circuit  are  described  in 
the  first  and  third  paragraphs  of  Part  A.l.b.  Tha  af facta  of  lead  drasa  and 
•tray  circuit  capmcltanoas  ara  not  as  important  bar  a  ss  they  *rt  at  tha  higher 
frequencies,  except  as  they  affect  tha  values  of  the  grid  circuit  load  capacity 
caahdnation.  Hoaaier,  good  engineering  practices  In  circuit  cona traction 
sht/aXd  b*  follovide 

o.  Initial  Circuit  Allgra nt  Procedure 

This  circuit  does  not  involve  tuning  as  noraally  considered,  but 
does  require  adjustment  of  tha  circuit  capacitances  to  provide  proper  values 
of  crystal  load  capacitance  and  feedback  ratio.  Onca  this  is  dona,  the  fre¬ 
quency  can  be  changed  s laply  by  rsitehiiHJ  In  the  proper  crystal  which  will  than 
oscillate  at  its  fundamental  frequency.  Tha  ratio  of  to  uaad  in  ths 
re  co  winded  circuit  Is  6.2.  Tha  test  equipment  required  is  a  Bo  on  ton  Radio 
Corporation  Q  Meter,  Model  16QA,  or  equivalent  means  of  capacity  measurement. 

The  procedure  follows . 

1.  Select  ft  frequency  for  measurement  at  tha  approximate  mid -frequency 
band  of  the  oscillator. 

2.  Connect  rigidly  supported  dips  to  the  capacitor  terminals  of  the 
Q  Meter. 

3*  Select  xr.  inductor  thet  rill  r«*nn»k«  with  apnroximatalv  100  mafd 
et  the  frequency  setting  of  Step  1,  and  place  ir.  ths  coll  terminals 
of  ths  Meter . 

!i.  attach  one  of  tha  ciipe  to  the  grounded  side  of  the  crystal  socket. 

Make  sure  the  crystal  is  removed  frow  the  socket.  Piece  the  other 
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clip  n aar,  bnt  not  touching,  th*  other  crystal  socket  terminal. 

5.  Short  Cj  (cathode  to  ground)  with  a  short  pleo*  of  wire . 

6.  Turn  on  Motor  and  adjust  th#  sal o  capacitor  dial  for  a  paalc  astor 
reading.  Thi*  must  ha  don*  with  accuracy.  Koto  th*  capacitance 
dial  raadl ng. 

7.  Attach  th*  fra*  clip  l*ad  to  th*  crystal  sock*!,  terwliwl  and  repaak 
th*  aa tor  reading.  Mot*  reading  of  th*  eapaeltanoa  dial.  Th*  dif¬ 
ference  bataaan  th*  two  reading*  lx  AC(. 

8.  Repeat  the  procedure  with  C?  ehortad.  Thla  eapaeltanoa  differ* nc* 

1*  Ac*. 

9.  Place  Meter  laeda  froai  cathode -to-ground.  Repeat  th*  procedure  with 

C,  ehortad.  Th*  raaultlng  capacitance  difference  la  AC  . 

1  c 

10.  Substitute  the  difference  reading  into  the  following  female*  to 
obtain  the  deairad  oapaeltanca  values. 

Cj  -  (AC%  -  ACc  ♦  ACb)^ 

C,  -  (AC  -  AC.  ♦  A C  }/* 

C  A  D  C 

Cj  -  (ACc  -  AC^  *  ACb)/2 

11.  Th*  Individual  circuit  capacitance*  aay  now  be  adjusted  by  adding 
or  (abstracting  known  oapaeltanca  value*. 

12.  Th*  valua  .f  load  capacitance,  aay  be  found  by  alaply  measuring 
th*  grid -to-ground  capacitance  with  crystal  ranovad  and  no  shorting 
wires  present. 

d.  Circuit  Performance  Char  to  tor  is  ties 

Performance  curve  a  for  th*  Coipltte  oecllletor  In  th*  range* 

0,8  to  5.0  and  3.0  to  20.0  me  are  ahown  In  Figs.  59  and  60,  respectively. 
Oscillator  output  la  given  in  volt-megacycles  (product  of  rma  voltage  and 
frequency  in  megacycles ).  Tbs  rang*  of  equivalent  antlreaonai.  crystal 
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resistance*,  R^,  1*  ahcwn  In  uch  figure.  Oscillator  performance  at  1C  ac 

as  a  frsKjaion  of  *  ,  R.  .  IL .  C.  /€, .  C.AI».  and  tuba  type  1*  shown  In  Fig*.  61 
I*  K'  is*  a  v  y  c 

through  56  respectively . 

Application  of  th***  curves  to  oscillator  circuit  design  1*  a hown 
In  tha  subeeetlon  below. 

•  •  Circuit  Design  Kxswcls*  hnd  0**  of  Curve* 

Tha  Colpitts  oaclllatcr  circuit  shown  la  Fig.  56  is  designed  to 
operate  over  th*  f  reqnoncy  rang*  of  0.6  to  20.0  wc  with  th*  indicated  oow- 
ponsnt  valu**  and  provide*  large  output  roltag*  to  crystal  driva  ratios.  Tha 
performance  characteristics  shown  in  Figs.  5 9  and  60  can  b*  used  directly  In 
predicting  operation  of  tha  circuit  and.  together  with  tha  other  performance 
currea,  can  he  used  to  daslgn  additional  Col.ri.tta  circuits  seating  specific 
performance  requirements . 

An  exa^pl*  of  th*  use  of  these  currea  la  shown  here.  Assam  an 
oscillator  1*  required  to  operate  ct  7.0  me  and  hava  an  output  of  2.25  rolta 
naa  across  a  load  of  5000  ohmi  The  available  power  supply  will  prorlde  150 
rolts  it  JO  as.  Tha  crystal  should  bo  selected  from  the  preferred  type*  whoso 
specifications  are  given  in  JCL-C-3099B.  Of  the  available  unite,  t..  CK-io/U, 
CH-27/0,  and  th*  C8-36/D  cover  this  frequency  rang*.  Other  characteristics 
of  tha  crystal  should  be  leapt  in  mind,  namely,  recommended  maximum  crystal 
drive  level  (tan  milliwatts  for  the  type  used  hers),  affective  resists nca,  etc. 

The  first  step  toward  tbs  actual  design  of  th*  oscillator  la  th* 
computation  of  tha  volt-magacyel*  product.  In  this  example,  tha  product  la 
2.25  x  7  *  15.75.  Referring  to  Fig.  60,  draw  a  horizontal  lira  from  15.75 
on  th*  volt-megacycle  seal*.  This  line  intersects  the  •  150  volt  lln*  at 
a  driva  levsl  of  1.0  ns,  obtained  by  projecting  »  vertical  line  fro*  th* 
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intaraaetlon  down  to  the  crystal  drive  seal*.  by  drawing  almllar  vertical* 
tram  tha  anda  of  tha  1?0  volt  lint  horiaontally  and  vmrtioklly,  tbs  rang*'  of 
output#  and  cry* tal  drive*  say  ba  obtained  for  varying  values  of  entire#  n*  it 
cryatal  resistances.  For  tha  uk  of  7.0  as,  tha  output  ranfae  tram  abort 
2.0  to  2.6  volt#  and  the  ocrraspondlag  drive  1  avals  fro*  1.3  to  U.2  m.  Thr 
raferenea  circuit  meat*  thaw  specification#  Khan  operated  at  a  plate  ampply 
voltage  of  150  volts. 

Circuit  performance  with  tha  use  of  other  tuba  type#  or  changes  in 
component  valuaa  can  bo  determined  free  tha  uaa  of  Figs.  61  through  66.  These 
modifications  nay  ba  necessary  whan  tha  desired  output  cannot  be  obtained  with 
the  refaranca  circuit,  or  whan  another  tuba  type  ia  preferred  due  to  aiaa  or 
power  consider  at  ions.  Tha  daalgn  aathed  any  also  be  need  whan  tha  oe cilia tor 
requirement*  fall  outside  tha  j»rfer*.ne#  at  the  refaranca  circuit.  Tha  fol¬ 
lowing  ia  an  vzawila  Illustrating  the  uaa  at  this  method. 

iaauaa  that  this  earn  circuit,  operating  at  7.0  we,  la  to  have  an 
output  of  2.8  volt,  across  a  5000  ohe  load.  The  power  supply  again  provide* 
150  volte  at  30  **•  The  new  volt-megacycle  product  is  2.8  x  7.0  -  19.6. 

Tha  plats  voltage  required  for  the  raferenea  circuit  la  approximately  175 
▼olta,  from  Fig.  60.  Thera  for*,  tha  circuit  parameter*  must  b*  modified  to 
coxiform  with  the  available  power  supply  voltage.  Several  methods  will  ba 
indicated. 

Tbs  design  serves  of  Pigs  -  61  through  66  indicated  serf  or  mane#  of 
tha  reference  circuit  at  a  frequency  of  tan  megacycles  with  change*  in  circuit 
parameters.  However,  the  parcantaga  change  in  per forma new  with  variation*  in 
circuit  component  cr  parameter  value  ia  approximately  the  same  for  all  fre¬ 
quencies  in  tha  0,8  to  20.0  me  rarvf ,  Therefor#,  thee#  curve*  may  be  used  at 
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the  desired  design  frequency,  keeping  ir  sin.'  tnet  the  resulting  voltages 
and  dr levels  derived  fro*  theee  eurvee  >r«  relative  vsiuee  only,  and  *csi 
always  ba  referenced  to  the  original  eurvee  (ri«o,.  and  60)  for  the  final 
parforsanoa  value . 


Tha  da  aired  jsarforsenoe  In  tbs  daalgn  axaspla  say  ha  obtained  tgr 
using  a  '•Iff ere nt  tuba  type.  Figure  66  ahowa  tha  output  and  crystal  drive 
characteristics  obtained  with  a  mater  of  tuba  types.  Construct  a  horizontal 
11ns  passing  through  tha  intersection  of  tha  12 AT?  output  voltage  curve  and 
the  175  volt  plate  supply  point.  Thlc  yields  a  relative  output  of  2.0  volts . 
Intersections  of  this  line  with  tha  various  tuba  output  curvsa  shoe  that  tha 
aana  output  may  be  obtained  with  a  12AD?  or  56)6  at  10S  volts,  a  6AS6  at  115 
volte,  a  6A05  at  lij8  volts,  or  a  6A06  at  162  volts .  Tha  pentodes  are  triode- 
eonnactad  far  use  In  this  circuit.  The  output  requirements  couLd  bo  Mt  by  a 
581iO  or  a  6U5  operating  at  leal  than  100  volts,  the  asset  voltage  being  ob¬ 
tained  by  extrapolating  the  prop*  curve.  Assxaas  the  selection  of  the  5636, 
operating  at  108  volta.  Tha  relative  drive  at  this  voltage,  obtained  free  the 
upper  graph  of  rig.  66,  la  b.O  m. 

If  tha  150  volt  supply  is  uaod,  a  higher  relative  output  (3.1  volts) 
and  drive  level  (8.5  am)  la  Indicated.  If  the  actual  outrut  la  to  raaaln  fixed 
at  2.6  volta,  tha  5636  eay  be  used  at  a  Be  of  150  volts  If  various  circuit 
aradlflcatloos  arc  Bads.  This  can  be  accomplished  by  changing  the  bias  resist¬ 
ances,  load  resistance,  the  capacitive  ratio  C^/  C,,  or  C^. 

Generally,  It  _•  not  desirable  to  vary  the  bias  resistance  valuee. 

The  recommended  circuit  values  should  be  used  shore  possible.  However,  Fig. 

61  shove  that  for  operation  at  ten  megacycles,  increasing  the  value  of 
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covenant  varies  appraxl*j’.-«ly  inversely  with  frequency,  a  higher  value  of 
would  be  required  at  7.th  an.  tJnfortunately,  for  the  purpose  of  the  design 
•x tapis  need  here,  et  the  required  value  of  plate  supply  voltage,  the  output 
could  only  be  reduced  at  ties  expense  of  en  excessive  increase  in  crystal  drive 
level.  Inspection  of  Fig.  (3  shows  that  this  is  also  true  of  changes  in  R^. 

At  a  fixed  Be  vcl  tegs,  decreases  in  the  load  resistance  will  decrease 
output  and  drive.  txaxlnst.lon  at  Fig.  63  shoes  that  the  desired  reduction  of 
the  output  voltage  easy  be  obtained  by  reducing  the  load  resistance  free  the 
reference  value  of  ^0,000  ohne  to  tea  or  three  thousand  ohwe.  However,  tha 
design  requlreasnts  call  ton  a  load  of  $000  nhae.  If  this  is  to  bs  Maintained, 
another  m  ‘hod  of  reducing  output  suet  be  investigated. 

The  capacltanoe  ratio,  CjAS^,  can  be  changed  to  obtain  the  desired 
results .  Effects  on  performance  of  this  par  master  are  shown  in  Pig.  6$.  Draw 
a  har isont-1  line  through  Uhe  intersection  of  the  output  voltage  carve  and  ths 
reoeassandad  value  of  C^j  *  6.2 .  This  shows  a  relative  output  amplitude  of 
0.09  on  the  left  scale.  Fr-o*  Fig.  66  It  is  determined  that  a  circuit  using 
the  $636  tube  will  have  a  relative  output  of  2.0  volta  at  a  Be  of  106  volte, 
and  thin  Output  ‘sill  iiiCrvmSaS  to  3-1  volts  (er  by  s  factor  of  1*$$)  when  tns 
piste  supply  voltage  is  increased  to  150  volts  (the  required  value).  To 
obtain  ths  desired  output  et  150  volts,  t  he  relative  ssniitude  of  Fig.  65 
wust  bs  decreased  by  j  Tactor,  or  0, 09,^1. 55  -  0.058.  For  this  relative 
aapiituds,  trie  required  cep»clt,>  r«tio  is  iprrozisstcly  5.0.  Tc  dcicrcips 
the  actual  vailuss  of  capacLty  required  to  obtain  this  ratio,  the  following 
procedure  applies. 

The  ratio  and  th«  value  of  -  32  asxfd  aust  be  kept 

constant  for  thesa  crvstal  anils.  By  keeping  the  cassbined  capacitance  of 
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and  Cj  at  the  reeoweended  Tain*  of  10.75  mmfd  (•  j— need  not  ba 
changed.  Therefore,  eolation  of  tha  following  aquation#  will  provide  tha 
a mm  miner  for  these  two  capmcltcre. 

»  8.0 


C2C-  c 

•75- »  g~3  •  T*577C2  ” 10,7^ 


Tharaf  ora ,  aolutlon  ah  ova  that  •>  12.1  aakfd  and  •  96.8  safd.  With  thaea 
▼al uaa  of  capacity  ar  ‘  1  5636  tab*  operating  at  150  volta  B*,  tha  circuit  will 
nerve  an  output  of  2.8  volte  rm*  at  a  drive  originally  determined  froa  fig.  66, 
In  tha  range  cf  2.0  to  5.8  ■  la  yield  good  etablllty. 

Where  low  dr  Ira  level  la  a  major  consideration,  reducing  tha  output 
▼oltaga  by  tha  prevloualy  doacribed  techniques  will  reduce  tha  power  dlaalpeted 
In  the  aryatal .  For  beat  frequency  stability  a  cryatal  unit  should  not  ba 
operated  at  a  mini*™  drive  lavrl,  l.e.,  where  tha  oscillations  are  on  tha 
range  of  becoadng  erratic.  This  value  la  below  a  fo w  tenths  of  a  milliwatt 
for  typical  antlresonant  unite . 

t .  Additional  Performance  Characteristics 

I  reral  other  oeclllator  performance  characteristics  hare  been 
determined  and  ire  presented  hare.  Stability  characteristics  of  the  Col pltts 

arrtlra  frequency  range  of  interest.  Ho  appreciable  change  In  fret  uency  can 

be  noticed  for  a  *10  percent  changfj  In  the  filament  voltage.  However,  nliua 

of  range  from  0.5  to  1.0  ppm  for  »10  percent  change  in  he,  orer  e  plate 

supply  Toltage  range  of  100  to  250  volte.  The  effects  of  C,/C„  on  Af.  are 

1  c  b 
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shown  In  FI*.  6<. 

Crystal  unit  specifications  for  this  frequency  ran**  call  fop  a 
Maxima  deviation  fro*  th*  non  Inal  eryrtal  frequency  of  50  ppa  throughout  th* 
taaparature  ran**  of  -55*C  to  *90°C.  Chan** a  fro*  th*  maa  frequency  on- 
countered  for  typical  unit*  ar»  about  15  pjaa.  Circuit  taaparatura-fraquaMCry 
variation*,  due  to  tawparatur*  coafflclanta  of  th#  component  parts,  account 
for  aoaa  20  ppw,  and  whan  combined  with  th*  mt1w>  crystal  unit  deviation, 
totals  lass  than  70  ppa.  By  lncludlr*  th*  affaeta  of  &♦  and  fllaaant  volt*** 
variations,  th*  aaxlaiua  davlatlon  In  frequency  Irj  raised  to  about  75  PP». 

How# v« r,  under  typical  operating  condition*,  this  figure  la  less  than  UO  PP*. 
Crystal  and  circuit  frequency  change*  for  typloal  operation  at  10  ac  era  shown 
In  Fig.  67. 

Th#  actual  operating  fraquaney  with  respect  to  th*  antlreson'-t 
fraquaney  of  th*  crystal  unit  la  dependant  on  th#  crystal  load  capacity.  For 
typical,  coaaaarolally  available  oapadtora,  tha  circuit  will  operate  within 
firs  to  ten  carts  par  alllion  of  the  antir  icnant  frequency. 
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FREQUENCY  TEMPERATURE  CHARACTERISTICS 
Rx  -  20  il,  f  -  10  me 
CRYSTAL  #164 


2.  KU5CTHDW  COUPLE)  COUTTTS  OSCILLATOR  CIRCUIT  -  0.8-20.0  me 


The  Electron  Coupled  Colpitts  antiresonant  oscillator  consist*  of 
a  single  pentode  stage.  The  screen  grid  cct*  »*  the  oecilletor  anode  and  the 
cutout  is  obtained  from  a  tnned  coil  in  the  plat*  circuit,  effectively 
Isolating  ths  oscillator  •'rrtlon  of  the  circuit  from  changes  lr.  the  load  circuit. 
In  all  other  respects,  this  circuit  is  the  seise  as  that  of  the  Colpitts  oscil¬ 
lator  discussed  in  Tart  B.l. 

a.  Circuit  Description 

Th#  circuit  diagram  of  the  Blectron  Coupled  Colpitts  oscillator 
opeiatlng  in  th*  0.8  to  20  me  frequency  range  is  shown  in  Rig.  66.  Betides 
1^,  values  for  which  are  indicated  in  the  figure,  the  other  coll  required  le 
Lp,  the  plate  tank  Inductance .  dene  rally  this  coll  is  fixed  tuned  to  the 
desired  frequency  in  combination  with  a  variable  capacitor  in  the  plate  circuit. 
The  coll  may  be  swede  tc  resonate  with  th*  stray  plat#  circuit  capacltaneea; 
however,  th*  else  end  Q  of  such  a  coil  sight  be  prohibitive.  The  valuea  of 
C^,  Cp,  and  may  bo  deterei  o#d  from  the  discussion  on  •Initial  Circuit 
AHgment  Procedure,"  Part  B.l. a. 

The  recommended  oscillator  circuit  uses  a  6*U6  miniature  pentode 
tubj  with  a  nominal  g^  of  ^OOCyusihos.  The  load  resistance  is  taken  is  10CH 
ohms.  *11  other  resistance,  bvoass,  and  decoupling  component  value  are  shown 
in  Pig.  68. 

b.  Component  and  Circuit  Construction  Petal  Is 

Tha  general  component  types  used  in  this  circuit  are  described  i» 
the  first  and  third  paragraphs  of  Par"  A.l.b.  and  Part  B.l.c.  The  tube  socket 
Is  of  the  miniature  sesen  pin  phenolic  type,  with  shield  l<«u>o. 
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FIG. 68  --ELECTRON  CCLPLEO  CC. 
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c.  Circuit  Tuning  Procedure 

Ths  only  sleeents  wiieh  ire  adjusted  during  circuit  operation  are 
the  plats  tank  circuit  components.  Tha  circuit  la  adjusted  for  peek  output 
by  tuning  1^  or  Cp,  whiehsvsr  la  variable, 

a.  Circuit  Parfe'Taanca  Characteristics 

Psrfoi"ianee  curve?  for  tha  Electron  Coupled  CMpit.tij  •'seil.le.tor 
operating  in  tha  ranges  0.8  to  5.0  »c  and  3.0  to  20.0  ac  ere  shown  In  Figs.  69 
and  70,  respectively.  Tha  performance  due  to  component  changes  affected  In 
this  circuit  will  follow  the  trarvds  shown  for  the  Colpltta  oscillator,  de¬ 
scribed  In  Fart  B.l.d.  and  e. 

e.  Circuit  Design  Consideration a 

Specific  design  examples  for  the  Electron  Coupled  Colpltta  oscillator 
are  not  given  hare,  since  this  Is  essentially  an  extension  of  the  design  pro¬ 
cedural!  discussed  In  Pert  B.l.o.  on  the  Colpitis  oscillator.  Certain  charac¬ 
teristics  of  tha  Electron  Coupled  Colpitte  oscillator  must  be  eentloned, 
however. 

In  order  to  assure  ths  independence  of  th*  oscillator  operation  from 
Plata  voltage  variations,  tha  plate  supply  voltage  should  be  made  saaawhat 
larger  then  tha  screen  voltage.  Tha  difference  between  these  two  voltages 
should  be  larger  then  the  peak  faring  of  the  sc  output  signal  In  order  to 
Insure  th  the  Instantaneous  plete  voltage  Is  always  positive  with  respect 
to  the  ee-een  voltage. 

In  addition,  greeter  Isolation  end  frequency  stabllit;  of  the  circuit 
may  be  -''talned  by  connecting  ths  suppressor  to  a  positive  bias  source,  ths 
value  of  which  should  be  eporoxlaetely  equal  to  the  de  cathode  voltage. 
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.*•  the  Plata  circuit  it  tuned  through  resonance,  tha  available  oartput 
voltage  la  graces r  b >  about  30  pereant,  whan  tha  aupprtteor  grid  istiad  to  tha 
Plata,  rathar  than  t*  a  poaltira  biaa  source.  However,  for  frequency  ehanga 
with  ehanga  in  tuning,  tha  plata  conr-;eMnn  raaulta  in  a  frvqeancy  ehanga  of 
about  20  pja,  whila  tha  blaa  connection  raaulta  in  changaa  of  only  two  or 
thraa  pairta  par  nlllion. 

f.  Additional  Perforaenee  Charaetariatica 

rreqosney  stability  »f  tli  electron  Coupled  Colpitte  oscillator  with 
changaa  in  plata  aapply  voltage  la  quite  good,  averaging  laas  than  0.8  ppi 
throughout  tha  100  to  250  volt  3->  range,  frequency  atabllity  figures  with 
changaa  in  filaasnt  supply  voltage  are  on  tha  order  of  a  few  tenths  of  a  part 
par  nlllion. 

Frequency  atabllity  with  changaa  in  taeparatura  are  coaqiarabla  to 
the  fif'r*9  obtained  for  Colpitte  oscillator,  dlacnaaed  in  Part  B.l.f. 
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The  >1111  ec  oscillator  consists  of  a  trtods  or  pentode  amplifier 
stage,  star*  feedback  Is  accomplish-  .  throigh  tha  plate-to-grid  capacitance. 

In  the  case  of  pen-.  -d#  opera!  .  this  capacitance  la  sstsll  and  usually  neces¬ 
sitate?  ti«j  addl+^on  of  physical  capacity  for  sufficient  feedback.  The  required 
20  or  ?’  rtcfd  crystal  load  capacitance  for  typical  ailltary  crystal  unite,  is 
couponed  of  the  grid -to -ground  capacitance  and  the  affects  of  the  plato-to-grld 
capacitance.  The  plate-to-grid  capacitance  is  a  function  of  the  gain  of  the 
tube  because  of  the  spell  known  Miller  effect.  The  proper  circuit  phaee  condi¬ 
tion  for  oscillations  an?  best  frequency  correlation  and  stability  occur  when 
the  plat#  clrcul  tuning  element  is  tuned  to  preside  70  percent  of  peak  output 
by  decreasing  capacitance  or  indue  banes  so  the  resultant  plate  Impedance  Is 
inductive . 

a.  Circuit  Description 

The  circuit  diagram  of  the  Miller  oscillator  lnreetigeted  for  use 
in  the  0.8  to  20.0  tac  frequency  range  1:  shown  In  Fig.  71.  The  use  of  a  per.t- 
oda  in  this  circuit  requires  the  addition  or  about  five  mnfd,  to  the  grld-to- 
plate  capacitance  for  proper  operation. 

Tha  recoaeaendad  circuit  uaas  s  &AU6  miniature  pant  ode  with  a  nominal 
transconductance  of  5000  ixmhos.  The  load  resistance  is  taken  as  100,000  ohms. 
Bypass  and  decoupling  component  values  are  «j  shown  in  Fig.  71.  The  plato 
tuning  element  say  be  an  inductor,  however,  bacauea  of  the  physical  slaas 
involved,  it  is  advisable  to  use  a  fixed  inductance  shunted  by  a  variable 
capacitor . 

b,  Compoivsi.t  Circuit  Ccnctr-uctloc  Bo  tails 

General  concents  on  component  selection  arid  circuit  construction 
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PIG.  71  —  V  !  LLE R  OSCI  LLATOR 
0  8  -  20.0  MC 


practices  are  contained  In  the  first  and  third  paragraphs  of  Part  A.l.b.  and 
In  Piirt  B.l.b. 

c.  Initial  Circuit  Adjustment  and  Tuning  Procedure 
Ths  bade  adjustment  of  the  circuit  consists  of  obtaining  the  re¬ 
quired  crystal  load  capacitance.  The  stray  canemtanee  fro*  grid  to  ground 
la  “taut  6  .-*fd  for  typical  construction.  This  is  padded  by  the  addition  of 
16  wmfd  to  a  total  capacitance  of  about  22  Rjafd.  The  plate-to-grid  capacltsnce 
Is  small  and  Bust  be  padded  to  obtain  the  required  result.  With  a  grid-to- 
oi.te  gain  of  teo  which  le  typical  for  this  circuit,  this  capacitance  east 
total  five  safd,  and  the  crystal  load  will  then  be  the  necessary  value  of  32 
■sfd.  Far  acre  accurate  dateiudnitlon  of  the  capacitive  load,  another  eat  hod 
1s  used.  The  crystal  is  tested  in  a  standard  Crystal  Impedance  ester  with 
the  proper  capacitive  load  and  the  frequency  it  noted.  When  placed  .n  the 
Millar  olrcult,  tha  capacities  srs  adjusted  to  obtain  the  saas  frequency  under 
the  recoassnled  tuning  conditions. 

funing  of  the  circuit  consists  of  adjusting  the  plate  impedance  for 
an  output  of  TO  percent  of  the  peak  reading,  on  tne  inductive  aide  of  tuning. 
d»  Circuit  PsrfOiraar.es  Characteristics 

Curves  of  output  and  crystal  drive  versus  frequency  of  operation  for 
the  ranges  0, 8-5.0  *c  and  3.0-20.0  me  are  shown  in  Figs.  72  and  73.  Thtse 
graphs  depict  performance  of  a  circuit  having  the  component  and  circuit  parame¬ 
ter  mi  u*8  indiesmi  ir»  rig#  fi.  uealgn  luToraiatlOn  or*  tnls  circuit  is  r.ct 
giver,  since  extensive  investigation  of  the  oscillator  hu  not  been  made. 
However,  bom  performance  character  1b  tic  a  me  y  be  diecuaead.  Certain  circuit 
par emeters  of  the  Hiller  oscillator  hare  effect*  on  performance  eimilar  to 

those  of  the  Cclpitts  oscillator.  7rwt»»  include  the  values  of  R.  ,  K  ,  and 

k  g* 
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R^.  A  review  of  Port  3.1. a.  specifically  thoss  •  iragrapha  rsfsrring  to  circvlt 
cr  -parent  variations,  shovld  ba  aada. 

Tha  stability  of  tna  circuit.  with  alO  percent  changes  in  ii>  §* 
voltage  averages  lass  than  a  p~- .  par  ai  il  .rs  ~-.r  ranae  o*  pi  etc  niiyly 
voltages  used,  and  Is  typical  for  the  frequency  ranfa.  Correlation  figures, 
however,  depend  on  the  value  of  the  crystal  load  capacitance  and  may  vary 
according  to  the  accuracy  with  which  this  per  see  wr  Is  selected.  Preonencr- 
tseparatar*  variations  sr»*  cowcarab  a  to  those  discussed  for  the  Colpitte 
osoillator  in  Part  B.l.f. 
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